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INTRODUCTION 
Attendance.-Regular attendance at practical classes is 
expected unless exemption has been granted for sufficient 
reason. Attendance records are kept throughout the year. 
Practical Note-books.-Any ordinary bound exercise-book 
may be used, and squared Pi1Per is not required. The note-book 
must be kept up to date and must be a record of the experi­
mental work actually performed. Results in general, and 
numerical data in particular, must be entered in full immediately, 
so that errors due to faulty memory cannot occur. Minute detail 
and theoretical discussion are not required; but a clear account 
of the work is expected and all calculations must be shown. 
Laboratory note-books are inspected and checked at intervals 
during the term and are called in for ·examination at the end 
of the first-year course. 
Practical Examination.-In principle a practical exam­
ination as well as a written examination may be given to all 
students in the course; but is usual at present to grant exemp­
tion from the former to all whose attendances, note-books, and 
work during the year are satisfactory. 
Apparatus.-Each student must provide an . approved set 
of apparatus for his own use. Such sets are available from the 
University bookshop. In addition it is necessary to provide 
cleaning-cloths and matches. Iron tripod-stands, retort-stands, 
clamps,  filter-stands, and gas-burners are part of the permanent 
laboratory equipment and must be left on the benches at the 
end of each class-period. Any other necessary materials are 
issued when required. 
Padlocks.-The · apparatus-lockers have fixtures which 
enable them to be secured with padlocks. These padlocks, of 
suitable size, must be provided by students.  It is necessary to 
hand in to the staff a key to each padlock. A durable label 
(not a piece of paper) must be attached to the key and must 
indicate clearly the student's name, course, and the day of the 
week on which he attends class. 
Scope of the Course.-The practical course includes exer­
cises in volumetric analysis, organic chemistry, and introductory 
biochemistry, together with experiments with buffer solutions 
and indicators and with colloids. 
Care of the Laboratory.-Each student is responsible for 
leaving the working-bench clean and dry. Solid matter such as 
matches and paper must not be thrown into the sinks. Gas and 
water taps must be left turned off. 
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VOLUMETRIC ANALYSIS 
Apparatus.-The following instructions in regard to the 
use and care of equipment must be read before any volumetric 
work is undertaken. 
1. Balances.-It is assumed that students have some know­
ledge of the construction of a balance and of the process of 
weighing. If the following notes are not understood consult one 
of the demonstrating staff. Read up the theory of the balance 
in a text book of physics or analytical chemistry. 
The balances at present used in the first year laboratory 
are equipped with an auxiliary weight additional to those found 
in the weight-boxes. This auxiliary weight is known as a rider, 
and its mass is fifty milligrams or .05 gram. The effective 
working length of the balance-beam, namely, the distance 
between the two end knife-edges, is divided into one hundred 
equal parts, the scale-division on the extreme left being marked 
zero, and that on the extreme right being marked .1 gram. The 
balance is so adjusted that, when there is no load on either 
pan, and when the rider is on the zero scale-division, the pointer 
attached to the beam oscillates more or less evenly in front of 
the small scale at the base of the centre colu;mn. Inspection of 
the balance, and application of the principles of turning­
moments will show that a shift of the rider from the extreme 
left (or zero) graduation to the centre graduation (marked .05) 
is equivalent to leaving the rider at the extreme left and 
putting .05 gram on the right-hand pan. Similarly moving the 
rider to the graduation on the extreme right (marked .1) is 
equivalent to leaving the rider at zero and putting .1 gram on 
the right-hand pan. In general, moving the rider to any position 
on the scale is equivalent to leaving it at zero, and putting on 
the right-hand pan a weight equal to the scale-reading of the 
position of the rider. Thus the rider functions as a continuously 
variable weight of any value up to .1 gram; and it is not 
necessary to include fractional weights of any lower denomina­
tion in the set in the weight-box. In practice it is not possible 
with first-year balances to weigh more closely than to the 
nearest milligram (.001 gram). 
Before you make use of the balances read, and 
make sure that you understand the following regulations and 
instructions:-
(a) Do not use any balance or set of weights other than 
those assigned to you. The numbers on the weight-boxes and 
balance-cases correspond. 
(b) Do not borrow weights from other boxes, and do not 
interchange the weights of two boxes. 
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(c) Do not put the weights anywhere except on the clean 
balance-pan or in the weight-box. 
( d) Handle the weights only with the forceps found in the 
weight-box. Keep the forceps clean, and do not use them to 
pick up chemicals; and do not use the blunt end as a spatula. 
(e) Do not allow any chemicals to get on the weights or 
into the weight-box. Corroded weights are inaccurate and 
useless. 
(f) Move the rider with the carrier provided on the balance 
case, not with the forceps. 
(g) Never put a chemical on the balance-pan. Chemicals 
are always weighed in a beaker, weighing-bottle, etc. 
(h) Never attempt to weigh a hot object. Even if the 
balance is not damaged errors in weighing arise due to 
convection-currents, and unequal expansion of balance-parts. 
(i) All objects to be weighed must be dry at least 
externally. Water may be weighed in a flask with a narrow neck 
without significant error due to evaporation during the 
weighing; but it is useless to attempt to. weigh water in a 
beaker, since the weight diminishes steadily owbg to 
eva pora ti on. 
(j) Before anything (including the rider) is placed on, or 
is taken off, the balance, arrest the beam and pans. 
(k) Manipulate the arrestment-mechanism gently. 
(1) Always put the objects to be weighed on the pan 
opposite your left hand and put the weights on the pan opposite 
your right hand. The balances are constructed to be used in 
this way. 
(m) Do not raise or lower the front window of the balance-
case unless the balance is arrested. Otherwise the working 
parts may be damaged by jolting or vibration. 
(n) Avoid spilling chemicals on the balance-pans or in the 
balance-case. To minimise the risk of doing this always remove 
the vessel in which the chemical is weighed from the balance­
case when putting anything into that vessel or taking anything 
out of it. Put the weight-box well to one side in order to avoid 
spilling any chemicals into it. Corrosion of weights is much 
more serious than corrosion of the balance-pans. 
( o) Do not remain in the balance-room when you are not 
carrying out a weighing. 
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(p) If the balance is out of adjustment call a demon­
strator. 
(q) Note carefully that the front window of each balance­
case is counterpoised by weights which move up and down in 
small tunnels. The cords which support the weights pass over 
pulleys at the top of the case. A piece of rubber is attached to 
each case on the right-hand side. It is intended for use as a 
stop to prevent the opening of the window so far that the cords 
supporting the counterpoise weights become slack and run off 
their pulleys. The piece of rubber is not intended for use as a 
support for the window. 
The following instructions for weighing should be sufficient. 
If you have any doubts consult one of the demonstrators. 
First determine the unloaded resting-point of the balance. 
The balance is understood to be unloaded when there is nothing 
on the pans, and when the rider rests on the zero graduation 
on the beam, not on the carrier. Shut the window and release 
the arrestment gently. The beam usually oscillates through an 
arc of a few degress. Observe three consecutive displacements 
of the pointer and use these observations to calculate its 
ultimate position of rest in the following way. 
Call the middle scale division 10. Divisions to the right of 
the middle one are denoted by the numbers 11, 12, and so on; 
those to the left are denoted by 9, 8, etc. If, for example, the 
three consecutive extreme displacements are 13.8 (right), 5.4 
( left), 13.4 ( right), first average the two displacements to the 
right, obtaining 13.6 . Then take the mean of this with 5.4 
which is 9.5. This is the final resting point, namely, the position 
in which the pointer would rest if the oscillations were allowed 
to die away. In this example the resting-point is 0.5 scale­
division to the left of the middle division. 
The unloaded resting-point seldom coincides with the middle 
scale-division and need not do so. However, if it deviates from 
the middle division by more tha.n a few scale-units, the balance 
needs adjustment by a demonstrator. For various reasons it is 
not safe to assume that the unloaded resting-point remains 
constant for any long period ; it must be redetermined at each 
visit to the balance, and also after any adjustment to the 
balance has been made. If the balance is operating properly the 
resting-point remains steady for the period of a weighing. 
Place the object to be weighed on the left-hand balance-pan 
and add weights from the box to the right-hand pan until the 
deficit of weights on the right-hand pan is not greater than .1 
gram. The rider must be on the zero graduation on the beam 
while this is done. Then move the rider on the beam u�til it 
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rests in such a position (found by trial and error) that the 
resting-point is restored to the unloaded value. The weight of 
the object is equal to the sum of the weights from the box plus 
the effective weight of the rider as read from its position on 
the beam of the balance. 
When weighing chemicals first determine the weight of an 
empty dry vessel. Then put the appropriate amount of chemi­
cal into the vessel and weigh again, and find the weight of the 
chemical by difference. The balances are not sensitive to a 
weight-difference of less than one milligram. It is therefore not 
possible to weigh more accurately than to the nearest milligram; 
but this measure of accuracy is usually quite sufficient. The 
use of the same balance and set of weights helps to eliminate 
error due to imperfections in the balances, such as inequality 
of the distances between the centre knife-edge and the end knife­
edges, and to inaccuracies in the weights. If the weights in the 
box are not sufficient to enable a vessel to be weighed spares 
can be supplied. These are old stock, the accuracy of which is 
in doubt; but if the auxiliary weight is used in both weighings 
in weighing a chemical by difference, the error is eliminated. In 
fact the magnitude of the extra weight need not even be known 
in this case. 
2. Glassware.-Standard flasks are supplied as required. 
They are graduated to contain a definite volume (usually 500 
millilitres), and the graduation-mark is etched on the long 
narrow neck. The flask contains the specified volume of liquid 
when the bottom of the curved liquid-surface (the meniscus) 
appears to rest on the circular graduation-mark. This mark 
appears as a line when the flask is held at eye-level to avoid 
parallax-error. The contents of a standard flask often require 
shaking to ensure uniformity of composition. This is accomplished 
by tipping the flask end over end a number of times, holding 
the stopper in place. A standard flask must never be heated 
over a gas-flame and it must not be filled with. a hot liquid. 
Burettes are issued on each class-day. They are numbered 
and the same burette is issued to each student each day. Burettes 
should be in a properly clean condition. When a burette is clean, 
drops do not form on the internal surface, which when wet is 
covered by a continuous film of liquid. If drops form, get the 
burette cleaned, since accurate measurements cannot be 
obtained with soiled glassware. When rinsing a burette do not 
put .the hand or finger over the open end, since this procedure 
may introduce grease from the skin. 
Each burette has a stop-cock with ground and greased 
plug. When turning the key of this plug, press the plug very 
6 
gently into its socket. The plug should turn quite smoothly; if 
it jams or leaks it requires re-greasing. If this is the case, 
empty the burette, pull out the plug and wipe both plug and 
socket with a clean cloth until they are dry. Then ask one of 
the staff to grease the plug. Sometimes a fragment of grease 
blocks up the spout of the burette or the hole of the plug. If 
any such blockage occurs ask the laboratory-staff to remove 
the grease. Do not blow the grease into the burette. 
A pipette, usually of 25 ml. capacity, is part of each 
student's equipment. It must be kept clean internally just as 
a burette is. Note that pipettes and burettes are graduated to 
deliver, not to contain, known volumes of liquid. 
Storage-bottles for solutions are supplied as required. 
Desiccators are available when required. The drying agent 
in these vessels is anhydrous calcium chloride. It should not be 
allowed to come in contact with any object to be weighed. The 
desiccator-lid is greased at the flat ground edge and must be 
slid on or off, not pulled. Always put it on the bench with the 
knob downwards, so that the greased edge cannot pick up any 
dirt or grit; and put it in such a position that it cannot roll off 
the bench. Do not leave a desiccator open any longer than is 
necessary, since atmospheric moisture spoils the drying agent. 
Always carry a desiccator with both hands in such a p,osition 
that the lid cannot slip off. Hot objects, usually crucibles, are 
allowed to cool in a desiccator prior to weighing, but must 
never be put in red-hot. Always wait till any visible glow has 
vanished. 
Burette-stands and clamps are available in the laboratory. 
Experiment 1.-Standardisation of a Pipette.-In principle, 
'.lll volumetric apparatus should be standardised, but time 
permits only one standardisation in the Part I course. 
Clean a small flask (do not use a beaker), and dry it 
externally; dry also the inside of the neck. If the weights in 
your box are insufficient to balance the flask and to allow at 
least 25 grams for the water subsequently to be weighed in 
it, ask for an additional weight. Weigh the flask to the nearest 
milligram. 
Rinse the pipette with rain-water (not tap-water) and 
inspect it to make sure that its inner surface is clean and that 
no water-drops form on the glass. Fill the pipette by mouth­
suction, place the forefinger ( not the thumb) over the top 
opening, and let water out until the meniscus appears to rest 
on the graduation-mark. Make sure that there is no air-bubble 
in the narrow outlet of the pipette. Then allow it to drain by 
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gravity alone (do not blow into it) into the weighed flask. Do 
not get any water on the top part of the neck of the flask 
where it evaporates most rapidly, When water ceases to flow 
freely allow the top of the pipette to touch the neck of the 
flask for fifteen seconds to drain it. Always adopt the same 
procedure in the subsequent use of the pipette. 
Now weigh the flask and the water at once (before evapor­
ation is appreciable) and obtain the weight of the water by 
difference. If an auxiliary weight is employed use it in both 
weighings so that any inaccuracy in this weight is eliminated. 
Repeat the whole procedure. The two results should agree to 
within one part in one thousand. 
To find the volume of the water in millilitres from its 
weight in grams (determined in air) it is necessary to allow 
for the density of water at the temperature of the experiment 
and for the buoyancy of the atmosphere. Read the laboratory 
temperature from the thermometer on the rostrum, and make 
use of the following table. The figures in the second column are 
worked out for a 25 ml. pipette, and are to be added to the 
weight in grams to obtain the volume in millilitres. 
Temperature 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
TABLE 
Correction 
.05 
.05 
.06 
.06 
.07 
.07 
.07 
.08 
.08 
.09 
.10 
.10 
.11 
If the volume in millilitres lies between the limits 24.975 
and 25.025 ml. the difference from 25.00 ml. may be neglected. 
If the difference is greater than .025 ml. use the volume as found 
by standardisation in all subsequent work. 
Experiment 2.-Preparation of a Standard Solution of 
Hydrochloric Acid.-The concentration of a solution may be 
expressed by specifying its normality, that is, the number of 
gram-equivalents of the solute in one litre of the solution ( not 
of the solvent). Since hydrochloric acid has only one hydrogen 
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atom in the molecule the formula-weight and equivalent weight 
are the same, namely 36.46. An X-normal solution therefore 
contains X X 36.46 grams of hydrochloric acid per litre. 
Hydrochloric acid, on account of its volatile and corrosive 
nature, is not easily weighed accurately, that is, it is not a good 
primary standard substance. Hence, in ordinary practice solu­
tions of the acid for volumetric purposes are made up only 
approximately to the desired concentration. The exact nor­
mality is then found by determining the volume of the acid 
which reacts with a known weight of some substance which can 
·be obtained readily in pure form and which can be weighed 
accurately. Sodium carbonate is such a substance (or primary 
standard). The reaction with hydrochloric acid is represented 
by the equation. 
· 
2HC1 + N a2C03 --+ 2 NaCl + H20 + C02 
The formula-weight of sodium carbonate is 106.0. From 
the equation it is clear that the equivalent weight of sodium 
carbonate is one-half its formula-weight, that is 53.0. 
Therefore, if N is the normality of the hydrochloric acid 
solution, and V the volume of it in millilitres which reacts with 
W grams of sodium carbonate, 
NV W 1,000W 
-- = - or N = 
1,000 53 53V 
A roughly 2-normal solution of hydrochloric acid is supplied 
in large bottles on the lead-topped benches. Do not use the 
dilute hydrochloric acid from your bottle-rack. Rinse your 
pipette and standard flask as well as a beaker and a storage­
bottle with a little distilled water (or rain-water). Pour some 
of the acid into the beaker and transfer two pipette-fulls to the 
standard flask and fill the flask up to the graduation mark with 
rain-water or distilled water. Pour the contents into the storage­
bottle, stopper it and shake thoroughly. No special accuracy 
in measuring the volumes is necessary at this stage. 
Sodium carbonate is supplied in pure powdered form, ' 
described as anhydrous. It is necessary to free it from any 
residual traces of water by heating. Place a small quantity of 
the sodium carbonate in an evaporating-basin or crucible, put 
the vessel on asbestos gauze, and heat it gently with a rather 
small gas-flame for about ten minutes. Stir the powder with 
a glass rod (not a spatula) occasionally, and do not overheat it 
in order to avoid any reaction between the hot sodium carbonate 
and the glaze of the crucible or basin. Then put the vessel con­
taining the heated sodium carbonate into a desiccator and 
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allow it to cool for ten minutes. Weigh a clean dry beaker and 
record the weight. Add not less than .25 gram, and not more 
than .3  gram of your heated sample of sodium carbonate to 
the beaker and weigh accurately again. Dissolve the sodium 
carbonate in any convenient quantity, say 25 ml. of distilled 
water in the beaker, and add it to enough methyl orange 
solution to give a definite (not faint) yellow colour. Weigh out 
a second similar portion of sodium carbonate in another beaker 
and prepare it for titration in the same way. 
Rinse a bµrette with a few ml. of the roughly .2 normal 
hydrochloric acid solution which you have made up, and discard 
the rinsings. Then fill the burette with acid. Set up the 
burette vertically in a stand and clamp, and run out acid to 
waste in order to fill up the spout of the burette and to allow 
the acid-level to fall to the zero graduation on the burette. No 
air-bubble should remain in the spout of the burette. In reading 
the burette avoid parallax-error and read the level of the bottom 
of the meniscus if possible to .01 ml. 
Place one of your beakers containing sodium carbonate 
solution under the burette and run in acid cautiously (particu­
larly towards the end of the ti�ration ) until a faint permanent 
pinkish colour appears. Keep the other portion of sodium 
carbonate alongside the titration beaker as a comparison 
solution. Use a clean glass rod to stir the solution and do not 
take it out of the bea:ker or put it down on the bench during the 
titration. Titrate similarly your second sample of sodium 
carbonate using the first one as comparison solution. Calculate 
two values for the acid-normality; these should agree to within 
one per cent. If they do not another portion of sodium 
carbonate must be weighed out and titrated. 
Methyl orange is the most suitable of the common 
in}licators for this titration. It does not change colour quite 
sharply from yellow to pink, but good results are obtainable 
if the above procedure is adopted. The theory of the titration 
of carbonates is given in the lectures and text-books.  It is 
sufficient to say here that the colour of methyl orange is not 
much affected by carbonic acid , and that therefore a pink colour 
appears only after addition of a trace of hydrochloric acid in 
excess of the amount required to react with the sodium 
carbonate. 
Experiment 3. - Preparation and Standardisation of a 
Solution of Sodium Hydroxid'e.-An approximately 2-normal 
solution of sodium hydroxide is provided. It is nearly free from 
carbonate, and if it is not exposed unnecessarily to the atmos­
phere the small amount of carbonate that it contains or acquires 
from carbon dioxide in the air has no appreciable influence in 
the estimations to be described.  Do not use any sodium 
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hydroxide from your bench-bottles. Like hydrochloric acid 
sodium hydroxide is not a primary standard substance, and 
solutions of it require standardisation. This is accomplished by 
titrating the sodium hydroxide against the hydrochloric acid 
standardised as described in Experiment 2. If methyl orange is 
used as indicator any carbonate in the sodium hydroxide 
solution is titrated just as if it were replaced by its equivalent 
of sodium hydroxide. 
· 
If N1 is the normality of the sodium hydroxide solution 
and V 1 the volume of it in millilitres taken for titration; and 
if N and V are the normality and volume of the acid used in 
NV 
the titration then N1V1 = NV and N·1 = ----
V1 
From the equation NaOH + HCl-+ NaCl+ H20 it appears 
appears that the equivalent weight and the formula-weight of 
sodium hydroxide are equal, and that a normal solution contains 
40.0 grams of sodium hydroxide per litre. 
Make up 500 ml. of approximately .2-normal sodium 
hydroxide solution by diluting 50 ml. of the approximately 
2-normal sodium hydroxide supplied in exactly the same way 
as was done in preparing .2-normal hydrochloric acid in 
Experiment 2. To standardise this solution draw up a little of 
it into a pipette and tilt the pipette so as to allow the whole 
inner surface to be wetted by the solution ; then allow the 
pipette to empty iself to waste. Now place one pipette-full of 
the solution in each of two clean beakers or flasks (not neces­
sarily dry inside), add methyl orange as indicator and perform 
the titrations exactly as in Experiment 2. The colour change of 
the methyl orange should be fairly sharp, and the duplicate. 
determinations should agree to within one per cent. 
' 
Experiment 4. - Determination of the Normality of a 
Solution of Ammonium Chloride.-The methods of this section 
are used whenever nitrogen or its compounds can be quantita­
tively converted to ammonia, as for instance in the analysis of 
agricultural fertilizers. 
The equation NH4Cl + NaOH-+ NH3 + H20 + NaCl shows 
that the equivalent weight and the formula-weight of ammonia 
are equal. The ammonia, which is volatile, is readily and 
quantitatively expelled by boiling a solution of any ammonium 
salt with excess of sodium hydroxide; and both the methods 
described in what follows make use of this fact. 
The ammonium chloride solution supplied is somewhere 
between .1-normal and .2-normal, and you are required to find 
its normality. Do not use your benclh solution of ammonium 
chloride. 
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First Method.-Rinse your pipette with rain-water or 
distilled water, then with a little of the ammonium chloride 
solution supplied, and measure out one pipette-full of it into 
each of two clean small flasks. Rinse the pipette again with 
water, then with standardised sodium hydroxide solution, and 
add one pipette-full of sodium hydroxide solution to each flask.· 
Place a small filter-funnel in the neck of the flask and boil 
gently until about half of the water has evaporated, carrying 
all the liberated ammonia with it. The funnel prevents loss of 
sodium hydroxide solution by spraying; but its stem must not 
dip into the liquid, since this would cause the liquid to be forced 
out of the flask by the escaping steam. After the boiling has 
finished, cool, rinse the funnel back into the flask with distilled 
water, add methyl orange and titrate the excess of sodium 
hydroxide with standard hydrochloric acid. 
Let N be the normality of the acid, N1 be the normality of 
the sodium hydroxide and N2 be that of the ammonium chloride 
solution. Let V 1 be the volume delivered by the pipette 
(approximately 25 ml.), and V be the volume of acid used to 
titrate the excess of caustic soda. Then since the number of 
equivalents of titrating acid is equal to that of residual sodium 
hydroxide, 
NV 
Duplicate determinations must agree to within one per cent. 
Second Method.-Kjeldahl Distillation Method.-Rinse your 
pipette with water, then with ammonium chloride so,lution, and 
measure out one pipette-full of it into the large flask supplied 
to you. Add about 150 ml. of distilled water and about 25 ml. 
of clean fresh approximately 2-normal sodium hydroxide 
solution as supplied for the bench bottles. These latter quantities 
need not be measured accurately. Do not use your standardised 
sodium hydroxide or the approximately 2-normal solution from 
which it was prepared. The water is added to carry over the 
ammonia during the subsequent distillation and the exact excess 
of sodium hydroxide is of no consequence. Drop in a small 
fragment of zinc to facilitate regular boiling by producing a 
feeble stream of hydrogen by its reaction with sodium 
hydroxide. Attach the Kjeldahl splash-head at once to the flask 
so that ammonia is not lost by evaporation, and keep the flask 
upright by a clamp or otherwise. Rinse the inner tube of a 
condenser with distilled water, and using ·a retort-stand and 
clamp, set up the condenser vertically, Rinse the pipette with 
distilled water, then with standard acid, and run one pipette-full 
of acid into a clean beaker of about 250 ml. capacity. Add 
enough methyl-red solution (not methyl-orange) to give a bright 
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cerise colour to the acid. Support the beaker on filter-paper 
boxes or other objects a few inches high, Then adjust the height 
and position of the condenser so that the lower end of the 
inner tube dips about half an inch into the acid. Add a little 
distilled water to increase the depth of the acid if necessary. 
The condenser has an inner tube which projects more at one 
end than at the other. This longer projecting end should dip 
into the acid as shown in the diagram. 
Attach the lower side-tube of the condenser-jacket to the 
water-supply by flexible tube, and run another flexible tube 
from the upper side-tube to the sink. Now using another 
retort-stand furnished with clamps and a ring, support the flask 
on wire-gauze resting on the ring in such a position that the 
splash-head can be attached to the upper end of the inner tube 
of the condenser. If necessary raise the gas-burner by holding 
it in a clamp. These details are shown in the accompanying 
diagram. 
.,..__ 
WATER 
Fig. 1 
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Pass a slow stream of water through the condenser-jacket 
and boil the liquid in the flask. If the boiling is regular and 
uninterrupted no acid is drawn back into the flask through the 
splash-head, although liquid may pump up and down in the 
condenser-tube. Do not interrupt the boiling once it has begun. 
Distil about one-third to one-half of the liquid in the flask into 
the beaker; then, without interrupting the boiling, remove the 
supports of the beaker so that the condenser-tube no longer 
dips into the acid. Continue the boiling for two minutes to rinse 
the condenser-tube internally, and rinse it externally with the 
wash-bottle into the beaker. Then discontinue the boiling. 
Rinse your burette with water, then with standard sodium 
hydroxide solution, discard the rinsings and fill the burette 
with sodium hydroxide. Titrate the excess of acid in the 
beaker with the sodium hydroxide solution. The end-point is 
marked by a sharp colour change from cerise-red to lemon­
yellow. 
Part of the original acid is neutralised by the ammonia 
distilled over through the condenser, and the remainder by the; 
sodium hydroxide. The number of equivalents of ammonia is 
equal to that of ammoni11m chloride used in the distillation. 
Hence if V 1 ml. are delivered by the pipette and V ml. of 
sodium hydroxide are used in the titration, and if N, N" N2 are 
the normalities of acid, sodium hydroxide, and ammonium 
chloride respectively, then 
N2 = 
NV1 - N1V 
v1 
Repeat this determination with another sample of 
ammonium chloride solution. Results should agree to within one 
per cent., and should also agree with those found by the first 
method. 
Methyl-red is superior to methyl-orange for ammonia 
estimations by the second method for reasons explained by the 
theory of indicators and titrations. 
Experiment 5.-Titration of Weak Acids.-Many organic 
acids are weak-that is, sparingly ionised. Such acids cannot be 
titrated accurately using methyl-orange or methyl-red as 
indicators, but a sharp and satisfactory end-point is given by 
phenolphthalein provided that the titrating alkali is free from 
carbonate. Commercial sodium hydroxide always contains a 
little carbonate, but this is easily removed by adding a soluble 
neutral barium salt, thereby precipitating the carbonate as the 
very insoluble barium carbonate which can be filtered off. If 
excess of the barium salt is used the sodium hydroxide remains 
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carbonate-free when exposed to air until all the barium is pre­
cipitated as carbonate, but the n-0rmality diminishes in propor­
tion to the amount of absorbed carbon dioxide. Therefore a 
solution of carbonate-free sodium hydroxide should be exposed 
as little as possible to the atmosphere after it has been standard­
ised. 
Potassium hydrogen phthalate is a well-known primary 
standard substance used for determination of the normality of 
carbonate-free alkali solution. Its formula is C6N4COOHCOOK, 
and it functions as a weak monobasic acid. The formula-weight 
is 204.2, which is also the equivalent weight. Potassium hydrogen 
phthalate is easily purified and can be weighed in air. The 
sodium hydroxide is standardised by titrating a known weight 
of potassium hydrogen phthalate. 
Mix together in a standard flask approximately 50 ml. 
of 2-normal sodium hydroxide solution ( not bench-bottle solu­
tion) ,  and 10 ml. of fresh filtered barium chloride or barium 
nitrate solution from the bench-bottle or other source. Add dis­
tilled water or rain water. to fill the flask to the graduation 
mark. Shake thoroughly and allow the flask to stand until 
most of the barium carbonate precipitate has settled out. Then 
filter the liquid into a clean storage-bpttle, disturbing the barium 
carbonate as little as possible. If the filtration becomes slow 
change the filter-paper. Stopper the storage bottle as soon as 
filtration is complete. The filtrate should be quite clear. 
Weigh accurately a clean dry beaker. Then place in the 
beaker not less than 1.1 gram, and not more than 1.3 gram of 
potassium hydrogen phthalate and weigh accurately again. 
Dissolve this in from 50 ml. to 100 ml. of cold distilled water, 
and add about 1 ml. of phenolphthalein solution. With the 
usual preliminary rinsing fill the burette with carbonate-free 
sodium hydroxide solution and titrate the potassium hydrogen 
phthalate, placing the beaker on a sheet of paper. The first 
persistent pink colour indicates the end-point - a strong red 
colour shows that wo much sodium hydroxide has been added. 
Repeat the titration with another weighed sample of potas­
sium hydrogen phthalate, and calculate the normality of the 
sodium hydroxide solution. 
The standardised sodium hydroxide solution is now used to 
titrate the acetic acid ( a  weak acid) in a sample of vinegar. The 
colour of the vinegar does not obscure the end-point if the 
sample of vinegar is well diluted with water. 
Obtain a sample of vinegar in a clean beaker or flask and, 
without losing any of it. pour and rinse it into a 500 ml. standard 
flask, dilute with distilled water to the graduation mark, and 
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mix thoroughly. With your pipette measure out 75 ml. of the 
diluted vinegar in a clean flask or beaker. Add about 1 ml. of 
phenolphthalein and titrate with carbonate-free sodium 
hydroxide. Repeat the determination and calculate the number 
of grams of acetic acid in the sample of vinegar given to you. 
Duplicate values must agree to within one percent. 
The formula of acetic acid is HC2H302 ; its molecular weight 
is 60 and only one hydrogen atom is replaceable by a metal. 
Experiment 6.-Preparation and Standardisation of a 
Solution of Potassium Permanganat'e.-(a) Potassium perman­
ganate is used as an oxidising agent in the presence of dilute 
sulphuric acid. The manganese is reduced from heptavalence 
to divalence and it is customary to represent the reduction of 
the permanganate by the equation 2KMn04 + 3H2S04 � 
K2S04 + 2MnS04 + 3HP + 50. The 50 represents oxygen avail­
able for oxidising purposes, not free gaseous oxygen. A more 
generalised equation with the same essential meaning is 
Mn04 + SH+ +Se-� Mn++ + 4H20. Here e- represents 
the electron. 
By definition a normal solution of an oxidising agent such 
as permanganate contains per litre that quantity of the oxidising 
agent which is capable of furnishing one gram-equivalent (8 
grams ) of available oxygen. From either of the above equations 
it is apparent that one formula-weight ( 158 grams) of potassium 
permanganate furnishes five gram-equivalents of available oxy­
gen. Therefore the equivalent weight of potassium perman­
ganate as an oxidising agent in acid solution is 31.6, and a 
normal solution of it contains 31.6 grams per litre . In practice 
an approximately tenth-normal solution is usually employed. 
Potassium permanganate is obtainable in fairly pure con­
dition ; but it is not a very good primary standard, because it 
cannot be freed from moisture by heating. Nevertheless fairly 
good results can be secured by following the procedures 
described in the following paragraph using analytical reagent 
grade permanganate. 
· 
Weigh a clean dry beaker accurately ; then use it to weigh 
out accurately not less than 1 .500 and not more than 1 .600 gram 
of potassium permanganate. Place a clean filter-funnel in the 
neck of a 500 ml. standard flask and add about 50 ml. of dis­
tilled water to the potassium permanganate in the beaker. Stir 
thoroughly with a clean glass tube sealed at both ends, and when 
the water is nearly saturated with permanganate, transfer it 
to the flask using the stirring-rod to direct it into the funnel 
without loss. Then put further successive small quantities of 
distilled water into the beaker, approximately saturating each 
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portion before transferring it to the flask, until all permanganate 
has gone into solution. In this way it is easily possible to observe 
the complete solution of the permanganate. Finally add dis­
tilled water till the flask is full to the graduation-mark, stopper 
the flask and shake. Rinse a clean storage-bottle with a few 
ml. of the permanganate solution, discard the rinsings and store 
';he rest of the permanganate in the bottle. Calculate the nor­
mality of the solution. 
(b) Oxidation of Ferrous Iron .-Iron in the ferrous condi­
tion is easily and quantitatively oxidised by permanganate in 
acid solution.  Therefore estimations of iron may be carried out 
by using a permanganate solution of known normality or alter­
natively the normality of a permanganate solution can be 
checked by titrating a known quantity of ferrous iron. 
Ferrous ammonium sulphate FeS04(NH4)2S046H20 is a 
fairly good primary standard substance, obtainable in pure form. 
Only the ferrous iron reacts with permanganate, and the oxida­
tion may be represented by the equations:-
2FeS04 + H2S04 + 0--+ Fe2 (S04) 3 + H20 
or Fe++ --+ Fe+++ + e-. 
The equivalent weight of a reducing agent is that quantity 
of it which reacts with the equivalent weight of an oxidising 
agent, or alternatively with one gram-equivalent of available 
oxygen. From the former of the equations just given it appears 
that the equivalent weight (as a reducing agent) of ferrous iron 
is equal to the atomic weight ; and similarly the equivalent 
weight of ferrous ammonium sulphate is equal to the formula­
weight. This is very nearly 392. 
Weigh accurately a clean dry beaker, put not less than .6 
gram and not more than .8 gram of ferrous ammonium sulphate 
into it and weigh accurately again. Dissolve the ferrous 
ammonium sulphate in about 25 ml. of dilute sulphuric acid 
from your bench-bottle.  This is an excess of acid over 
what is required by the oxidation - reduction reaction, 
but such excess is an advantage. Rinse your burette 
with permanganate solution, then fill it and adjust the 
the liquid level to zero. The solution is nearly opaque, 
but it is easy to observe the level of the top of the 
meniscus. Run the permanganate into the ferrous ammonium 
sulphate solution. Rapid reaction occurs, and the colour of the 
permanganate vanishes. At a later stage the colour is more 
diffuse, and the approach to the end-point can be seen. At this 
stage add permanganate in single drops only until a faint 
persistent pink colour is visible . Calculate the normality of the 
permanganate solution and compare the value with that found 
from the weight of solid permanganate dissolved in 500 ml. of 
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water. Repeat the determination with another weighed quantity 
of ferrous ammonium sulphate. 
Experiment 7 .-Estimation of Calcium in a Solution of 
Calcium Chloride.-The oxalate radicle is oxidised in warm acid 
solution by permanganate according to the equation. 
2H+ + C204 + 0--+ H20 + 2C02• 
It therefore appears that the equivalent weight of the oxalate 
radic1'e regarded as a reducing agent is one-half of its formula 
weight, and that the same is true of oxalic acid H2C204 and of 
calcium oxalate CaC204• Oxalic acid is dibasic and there­
fore the equivalent weight of the acid, quite apart from 
its reducing properties,  is also one-half.its formula-weight. This 
is also the case for the oxalate radicle, and for calcium oxalate. 
Calcium oxalate is a very insoluble salt which can be pre­
cipitated in a pure condition. It can be washed free from 
adhering solution and dissolved in dilute sulphuric acid. The 
oxalate is then readily titrated ; and since the number of 
equivalents of oxalate as a reducing agent is equal to that when 
it is regarded as an acid radic1'e, and is also equal to the 
number of equivalents of calcium, the calcium can be estimated 
in this· way. 
Samples of calcium chloride solution are given out. Bring 
two clean beakers to the counter to receive the samples. Add 
to each of them about 1 ml. of dilut'e hydrochloric acid and 
about 100 ml. of distilled water and raise the temperature 
nearly to boiling ; but do not let the liquid boil actively or 
splash. Then add about 15 ml. of bench ammonium oxalate 
( ( NH4 ) 2C204) solution. This should be quite clear and must 
be filtered if it contains any sediment. Finally add enough 
ammonium hydroxide from the bench bottle to make the solu­
tion smell of ammonia. Under these conditions the calcium is 
precipitated as pure granular calcium oxalate, readily filtered 
and washed. 
It is now necessary to transfer the calcium oxalate to a 
filter-paper without any loss. This is accompanied by pouring 
the liquid with calcium oxalate in suspension down a glass rod 
held vertically in such a position that its lower end is just above 
the paper in the funnel. The lip of the beaker must touch the 
rod in some convenient position. If the rod is not used, portion 
of the liquid with suspended precipitate runs over the lip and 
is lost. The filter-paper must never be quite filled with liquid so 
that no precipitate can creep down between the paper and the 
funnel.  After as much precipitate as possible has been trans­
ferred in this way, wash the walls of the beaker thoroughly with 
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a jet of distilled water from the wash-bottle and transfer this 
water together with more of the precipitate to the filter-paper 
as before. Repeat this operation until only a very little of the 
calcium oxalate remains in the beaker. This small residue is of 
no consequence provided that it, together with the beaker, has 
been well washed free of adhering salts, particularly excess of 
ammonium oxalate, because the final titration is to be carried 
out in the same beaker. 
The solution that runs through the filter-paper may be dis­
carded. It contains excess ammonium oxalate and ammonium 
chloride. 
Now wash the calcium oxalate on the filter-paper with a 
gentle jet of water from the wash-bottle. Let it drain as much 
as possible between successive washings and continue to wash 
until a few ml. of the filtrate collected in a clean test-tube give 
no opalescence with silver nitrate solution. This is a delicate 
test for chloride, and, if all chloride has been washed out, it may 
be assumed that excess ammonium oxalate has also been 
removed. 
Place under the funnel the beaker in which the original 
calcium oxalate precipitate was produced. Break the paper with 
the glass rod and return the precipitate to this beaker as com­
pletely as possible by using the wash-bottle jet. Heat about 
25 ml. of bench-bottle dilute sulphuric a cid in another beaker, 
and pour the hot liquid over every part of the filter-paper, 
including the double fold, which should be opened with the glass 
rod. Then wash the paper several times with distilled water 
collecting the washings as well as the dilute sulphuric acid in 
the precipitation beaker. During the various operations requir­
ing the use of a glass rod do not put the rod on the bench. When 
it is not being used it must rest in the precipitation beaker. 
Heat the solution in the beaker until it is nearly boiling, and 
then titrate it with permanganate in the same way as the solu­
tions of ferrous ammonium sulphate. Calculate the number of 
grams of calcium chloride in the sample given to you. If the 
result is not correct obtain another sample and repeat the experi­
ment; The formula-weight of calcium chloride is 111 and its 
equivalent weight is one-half of its formula-weight. 
Experiment 8.-Titration of Hydrogen Peroxide.-Hydro­
gen peroxide is oxidised to oxygen in acid solution by a variety 
of oxidising agents including permanganate. The reaction is 
represented by the equation H202 + 0-+ H20 + 02 or by 
the equation H202 -+ 2H + + 02 + 2e-. Either equation 
shows that the equivalent weight of hydrogen peroxide as a 
reducing agent is one-half the formula-weight, which is 34.02. 
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A sample of dilute hydrogen peroxide solution is supplied 
to you. Add to it about 10 ml. of dilute sulphuric acid from the 
bench-bottle, and titrate it with potassium permanganate 
solution. The reaction may be slow at first, but do not heat the 
solution, since hydrogen peroxide decomposes into water and 
free oxygen if the temperature is raised. Later in the titration 
the reaction becomes more rapid. Carry out duplicate titrations 
and find :-
( a )  The number of grams of hydrogen peroxide in your 
sample ; 
( b )  The volume of oxygen at standard temperature and 
pressure which your sample would evolve on heating. 
(c ) The volume of oxygen at standard temperature and 
pressure which your sample evolves when titrated 
with permanganate. 
Experiment 9.-Preparation and Standardisation of a 
Solution of Sodium0 Thiosulphate. - ( a )  In neutral or slightly 
acid solution iodine reacts with sodium thiosulphate according 
to the equation 
2Na2S20, + I2 -+ Na2S.,06 -1- 2NaI. 
Since iodine is univalent, and since two molecules of sodium 
thiosulphate react with two atoms ( one molecule ) of iodine, the 
equivalent weight of sodium thiosulphate considered as a 
reducing agent is equal to its formula-weight. The solid salt is 
a pentahydrate Na2S203 5H20 of formula - weight 248.2 .  
Standard solutions o f  sodium thiosulphate are easily prepared 
for use in titrations ;  and the strong colour of iodine, particu­
larly in the presence of starch, makes the equivalent point easy 
to detect. Many oxidising agents liberate their equivalent weight 
of iodine from potassium iodide, and can therefore be estimated 
volumetrically by titration with a solution of sodium 
thiosulphate. 
Sodium thiosulphate pentahydrate is not a very good 
primary standard substance ; and it is therefore better to 
standardise solutions of it by titrating the iodine liberated by 
a known weight of a suitable oxidising agent such as 
potassium iodate. Potassium iodate reacts with potassium 
iodide in dilute sulphuric acid solution according to the 
equation 
KIO, + 5KI + 3H2S04 -+ K2so. + 31 2 + 3H"O .  
Its equivalent weight a s  a n  oxidising agent i s  therefore one-sixth 
of its formula-weight. The formula-weight is 214, and the 
equivalent weight is very nearly 35.7. Potassium iodate is an 
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anhydrous salt obtainable in pure dry form ; it is therefore 
suitable for use as a standard substance. 
Sodium thiosulphate solutions are not quite stable . The slow 
variation in their normality is thought to be due to the action 
of fungi or bacteria. It is advisable therefore to standardise 
the sodium thiosulphate solution on the day on which it is used, 
although old solutions need not be discarded. 
( b )  Weigh a clean dry beaker to the nearest tenth of a 
gram and then use it to weigh out also to the nearest tenth of 
a gram not less than 12 grams nor more than 13 grams of 
sodium thiosulphate. Dissolve the sodium thiosulphate in 500 
ml. of distilled water, and preserve the solution, which is 
approximately tenth-normal, in a storage-bottle. 
Boil about 150 ml. of distilled water in a beaker, and add 
to it about enough powdered starch to cover a threepenny­
piece. Keep the solution at the boiling-point (but not actively 
boiling) for a few minutes to dissolve the starch. Then filter 
it while still hot, and preserve the clear filtrate. This starch 
solution does not keep for long owing to mould-growth, and it 
must be prepared on the day on which it is used. 
An exactly tenth-normal solution of potassium iodate con­
taining 3 .570 grams of solute per litre is provided for standard­
isation of the sodium thiosulphate. With the pipette (previously 
rinsed) measure out 25 ml. of the iodate solution into a clean 
flask or beaker. Weigh out approximately 2 grams of potassium 
iodide on clean paper, and add to it the iodate solution. This 
amount of potassium iodide is much greater than the quantity 
required by the equation given above, but the excess is neces­
sary to keep the liberated iodine in solution as potassium 
triiodide. 
Add the potassium iodide to the potassium iodate solution. 
Fill the burette with sodium thiosulphate solution ready for 
titration and then add about 5 ml. of dilute sulphuric acid to 
the potassium iodate-iodide mixture. Iodine is liberated, giving 
a dark brown solution. Run the thiosulphate into this solution 
with constant shaking or stirring. The colour becomes paler 
as the reaction proceeds, and thiosulphate must be added 
cautiously until the colour is reduced to very pale yellow. Then 
add several ml. of filtered starch solution. The yellow colour 
changes to indigo-blue owing to formation of the· starch-iodine 
complex. Continue to add sodium thiosulphate drop by drop 
until the blue colour vanishes. The end-point is very sharp. 
Repeat the titration with another portion of potassium iodate 
solution and calculate the normality of the sodium thiosulphate 
solution. The duplicate determinations must agree to within one 
per cent. 
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Experiment 10.-Estimation of Ascorbic Acid.-A solution 
of iodine in dilute potassium iodide solution is provided for 
standardisation. This is carried out by using the already stand­
ardised sodium thiosulphate solution. Measure out 25 ml. of 
iodine solution with the pipette and titrate it exactly as in the 
previous exercise. Do not add any sulphuric acid or potassium 
iodide to the iodine solution. Calculate the normality of the 
iodine solution and the number of grams of iodine per litre of 
the solution. Repeat the titration. 
Ascorbic acid ( Vitamin C) reacts in definite proportions 
with iodine in solution. It may be estimated by using a standard 
iodine solution provided that no other substance which reacts 
with iodine is present. The formula of the acid is C6H806 and 
it reacts with iodine according to the equation 
C6H806 + 12 --+ C6H606 + 2HI .  
Its formula weight is  176, and its equivalent weight as  a reducing 
agent is therefore 88. More detailed information about ascorbic 
acid may be obtained in Conant and Blatt's "Chemistry of 
Organic Compounds, " page 292. 
Samples of ascorbic acid for titration will be given out. 
Dilute each sample with about 100 ml. of distilled water, and 
add a few ml. of fresh filtered starch solution. Rinse the burette 
with water, then with standardised iodine solution, and fill it 
with iodine solution. Run the iodine into the ascorbic acid 
cautiously. Notice the development locally of a blue colour as 
the iodine is added. This disappears on shaking while any 
ascorbic acid remains, and the end-point is indicated by the 
sudden appearance of a permanent blue. 
Calculate the weight of ascorbic acid in the sample given 
to you. 
Experiment 11.-Standardisation of a Solution of Silver 
Nitrate.-The reactions involved in work with silver nitrate are 
all double decompositions in which an insoluble silver salt is 
precipitated ; therefore since both the metallic and acid radicles 
of silver nitrate are univalent, the equivalent-weight and 
formula-weight of this substance are the same, namely, 169.9 . 
Usually a tenth-normal solution is employed. 
Owing to the high cost of silver nitrate pour all r'esidues 
from titrations involving the use of this reagent into the 
residues-bottle_ provided. 
An approximately tenth-normal solution of silver nitrate is 
supplied for standardisation against weighed amounts of 
potassium chloride. The silver nitrate reacts according to the 
equation KCl + AgN03 --+ AgCl + KN03• Silver Chloride is 
precipitated. The equivalent weight of potassium chloride is equal 
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to its formula-weight, namely, 7 4.6.  The end of the reaction is 
indicated accurately by adding a little potassium chromate, 
which reacts to form dark-red sparingly soluble silver chromate 
only after all chloride has been . precipitated. Refer to work on 
solubility products for more detailed explanation. If W grams 
is the weight of potassium chloride and V is the volume of silver 
nitrate solution used to titrate it then the normality of the 
.1000 w 
silver nitrate solution is given by the expression ----
74.6V 
Clean a beaker thoroughly, rinse it with distilled water, 
dry it, and weigh it accurately. Then weigh out into the beaker 
not less than .15 gram and not more than .17 gram of potassium 
chloride ( provided for you ) . Dissolve the potassium chloride in 
about 25 ml. of distilled water, and add about one-half ml. of 
potassium chromate from the bench bottle. Rinse your burette 
with distilled water, then with a little of the silver · nitrate 
solution provided for standardisation ( not the bench-bottle 
reagent) ,  and fill the burette with silver nitrate solution. Run 
the silver nitrate solution slowly with constant stirring into the 
potassium chloride. Silver chloride precipitates, and red silver 
chromate forms locally, but disappears rapidly as long as any 
considerable proportion of chloride remains in solution. As the 
end-point is approached add the silver nitrate in drops until a 
faint permanent colouration appears in the liquid. The shade of 
colour is somewhat indefinite,  but it may be described as 
yellowish pink. A definite red colour shows that too much silver 
nitrate has been added. 
Calculate the normality of the silver nitrate solution and 
repeat the 'determination with another weighed quantity of 
potassium chloride. 
The titration just described is known as Mohr's method. 
It is applicable only in approximately neutral solution.  In acid 
solution silver chromate does not precipitate at the equivalent 
point, and in alkaline solution silver precipitates as the oxide 
as well as the chloride. Evidently if the normality of the silver 
nitrate solution is known it can be used to estimate chloride in 
solution provided that nearly neutral conditions are established. 
The quantity of potassium chromate to be used in the titration 
can be varied within rather wide limits. 
An alternative method for estimation of chloride applicable 
in acid solution involves the use of a standard solution of a 
thiocyanate, usually the potassium or ammonium salt. Solid 
soluble thiocyanates cannot be weighed accurately, and the 
normality of the solution must be found after it has been made 
up. The thiocyanate radicle ( CNS-) is univalent, and therefore 
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the equivalent and formula-weights of a thiocyanate of a 
univalent metal are the same. 
Experiment 12.-Standardisation of a Solution of Thio­
cyanate.-A solution of thiocyanate, approximately tenth­
normal, is supplied. Rinse your burette twice with distilled 
water, and then with thiocyanate solution and fill the burette 
with thiocyanate. Similarly rinse your pipette with distilled 
water, then with standardised silver nitrate solution, and run 
out 25 ml. of silver nitrate into a beaker which has been rinsed 
with distilled water. Add a few ml. each of dilute nitric acid 
and of ferric alum (NH4)2S04.Fe2(S04)3.24HP as indicator. 
Note that the indicator is added in quantity ( not merely a few 
drops ) . Run in the thiocyanate solution from the burette stir­
ring constantly. White curtly silver thiocyanate is precipitated 
and a red colour appears locally where the thiocyanate is in 
excess. Add the thiocyanate solution more slowly as the 
titration proceeds until the solution in the beaker assumes a 
faint permanent colour. Repeat the titration and calculate the 
normality of the thiocyanate solution. 
The reddish colour which indicates the end-point is due 
to a complex somewhat unstable ion formed according to an 
equation such as Fe+++ + 6CNS- - Fe(CNS)'if. The 
colour is intense and visible at very low concentration, but it is 
necessary to use a considerable concentration of ferric 
alum in order to displace the equilibrium from left to right 
when the thiocyanate concentration is very low. No coloured 
complex ion is formed as long as the thiocyanate is precipi­
tated by silver. 
Experiment 13.-Estimation of Chloride using Solutions of 
Silver Nitrate and of a Thiocyanate (Volhard's Method) .­
Samples of a solution of calcium chloride, of normality less than 
one-tenth, are given out. If possible the solution is the same 
as that provided for estimation of calcium in Experiment 6, so 
that results may be compared. Place your samples in clean 
beakers, rinsed with distilled water. Rinse your pipette with a 
few ml. of standard silver nitrate solution, then use it to add 
twenty-five ml. of the standard solution to each sample of 
calcium chloride. Add a few ml. of dilute nitric acid making sure 
beforehand that the acid gives no precipitate with silver nitrate 
solution, and that it is therefore chloride-free. Stir with a 
glass rod until the precipitated silver chloride coagulates and 
becomes easy to filter. Now filter off the silver chloride, collect­
ing the filtrate in a flask, taking care to lose none ( see the 
instruction for Experiment 7 ) .  Wash the precipitation beaker 
with distilled water several times, pouring all washings through 
the filter and finally wash the filter-paper and the silver chloride 
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on :t. Use only small amounts of water for each washing, and 
collect all washings in the flask. It is- not necessary to transfer 
every p article of silver chloride to the filter-paper, provided 
that any that remains in the beaker is well washed. 
Add a few ml . of ferric alum to the solution in the flask 
and use the standartj.ised thiocyanate solution to titrate the 
residual silver nitrate in the flask. Repeat the filtration, washing 
and titration with the contents of the other beaker. 
Let N be the normality of silver nitrate solution, N1 be that 
of the thiocyanate, and N2 that of the calcium chloride. If 
V 1 ml. of thiocyanate are used in the final titration and V is 
the volume in ml. delivered by the pipette ( approximately 25 ml. )  
NV - N1V1 
then N2 = ----­
V 
Check this formula. 
should agree to within one per cent. 
Duplicate results 
If any precipitate of silver chloride or silver thiocyanate 
forms in the burette or pipette owing to insufficient rinsing it 
must be dissolved out with ammonium hydroxide solution. The 
burette or pipette must then be rinsed out with distilled water. 
The reason for removal of silver chloride by filtration is 
best understood by reference to solubility-product theory. If 
the silver chloride is not filtered off the end-point is rendered 
indefinite as a result of the reaction of solid silver chloride with 
thiocyanate ion, namely, AgCI + CNS- --+ AgCNS + Cl- .  
On account o f  the removal by precipitation o f  the thiocyanate 
the red colour, which indicates the end-point, disappears. 
ORGANIC CHEMISTRY 
In performing the exercises in organic chemistry it is 
necessary to remember a few points. 
( 1 ) Organic substances are usually inflammable , particu­
larly volatile liquids such as alcohol, acetone, or ether. Use only 
small quantities of organic materials, and apply heat only when 
you are instructed to do so . Use only a low flame. 
( 2 )  Many organic reactions are rather slow, and the pro­
gress and sometimes the nature of the reactions are influenced 
by temperature, relative concentration, etc. Therefore use the 
specified quantities . and follow all other instructions carefully. 
( 3 )  Organic chemicals often react in more than one way. 
The result is that the desired product is accompanied by other 
substances, which must be eliminated by some kind of refining 
process such as distillation or crystallisation from a solvent. 
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( 4 )  Except when accuraey is essential ,  do not weigh organic 
substances in the balance-room. Rough balances are provided in 
the laboratory. 
PREPARATION OF ORGANIC COMPOUNDS 
Experiment 1.-Preparation of Acetanilide C6H5NHCOCH3• 
-This substance is most easily prepared by reaction of acetic 
anhydride, ( CH3C0 ) 20,  with aniline C6H5NH2 • Write an 
equation for the reaction. 
Dry, if necessary, your largest flask by rinsing it with a 
few ml. of ethyl alcohol ( generally known simply as alcohol ) ,  
and allowing the flask to drain for a few minutes. Using measur­
ing cylinders place in the flask 10 ml. of aniline and 15 ml. of 
acetic anhydride. Reaction takes place at once, and the mixture 
becomes warm. Cover the mouth of the flask with an inverted 
dry beaker, place the flask on wire-gauze, and heat very gently 
near the draught-flue with a very small flame for ten minutes 
to e:omplete the reaction. Do not allow the reaction-mixture 
to boil. Then, holding the flask in a cloth, pour the contents 
into some water in a beaker placed under the draught-flue. Stir 
the contents of the beaker, let the solid crude acetanilide settle 
out, pour away as much liquid as possible, dry the acetanilide 
between folds of blotting paper ( not filter-p aper ) ,  and put it 
in the bottle provided. 
Acetic anhydride gives off a very irritating vapour, particu­
larly when heated. This is the reason for exercising caution 
when completing the reaction by warming the preparation. 
Experiment 2. - Preparation of Acetyl-salicylic Acid 
(Aspirin) from Acetic Anhydride and Salicylic Acid.-Salicylic 
acid, C6H4 ( OH )  ( COOH ) , is a phenol since it has an OH group 
attached to an aromatic nucleus,  and is also an acid since it 
contains a COOH group. The COOH group is not affected by 
acetic anhydride, but the OH group is esterified. The reaction is 
not very rapid and the preparation requires gentle heating. 
Write an equation for the esterification. 
Place 10 grams of salicylic acid in your l argest flask after 
drying it ( see Experiment 1 ) .  Then add, using a measuring 
cylinder and rn;it a pipette, 20 ml. of acetic anhydride. Cover the 
mouth of the flask with an inverted dry beaker, place it on wire­
gauze and heat very gently with a very small flame. The liquid 
in the flask must be heated nearly to its boiling-temperature, 
but it must not be evaporated away by active ebullition. The 
upper parts of the flask function under the right conditions as 
a reflux condenser, returning the evaporated acetic anhydride 
26 
to the reaction mixture. Vapour or drops of acetic anhydride 
must not escape from the neck of the flask. Continue to heat 
for half an hour, then cool the preparation, and pour the liquid 
into some water in a smaller flask placed under the draught­
flue. Note the separation of an oily heavy liquid. This contains 
acetic anhydride ( used in excess of the proportion required for 
the reaction) ,  acetyl-salicylic acid, and acetic acid. The acetic 
anhydride reacts rapidly with water to form more acetic acid 
and all of this acid dissolves in the water on shaking the 
preparation. 
Using a rapid rotary motion shake the flask vigorously in 
order to disperse the oily liquid in the water. The shaking must 
be prolonged for many minutes because acetyl-salicylic acid 
crystallises only very slowly. It provides a striking example of 
supercooling-that is, of the obstinacy with which some sub­
stances remain liquid even when they are cooled well below their 
true freezing-points .  The liquid acetyl-salicylic acid gradually 
becomes turbid and viscous and finally solidifies completely. If 
the preparation is shaken continuously the acetyl-salicylic acid 
is obtained in granular form ; otherwise it forms a cake which 
is not e asy to remove from the flask. 
Filter off the acetyl-salicylic acid, wash it twice with cold 
water and test it for the presence of salicylic acid by shaking 
up a few particles with a little water and adding ferric chloride. 
If a violet colour appears salicylic acid is present. Repeat the 
test with a few particles of salicylic acid and observe the intense 
violet colour produced. Pure acetyl-salicylic acid gives no colour 
with ferric chloride. 
Acetyl-salicylic acid is known as aspirin. If it sticks to 
glassware it is easily removed by sodium hydroxide solution. 
Experiment 3. - Preparation of Monophenyl-Urea.-This 
exercise is a modification of Wohler's preparation of urea from 
ammonia cyanate. Aniline hydrochloride Cc,H5NH3Cl reacts with 
alkali cyanates to yield aniline cyanate by double decomposition. 
The aniline cyanate then undergoes molecular rearrangement 
to monophenyl-urea on heating. 
C6H5NH3Cl + KCNO -+ C6H5NH3CNO + KCl 
C6H5NH3CNO -+ C6H5NHCONH3• 
Place about 1.5 grams of aniline hydrochloride (weighed 
out on a rough balance ) in a small ( 100 ml. )  flask. Add about 
20 mls . of water, about 1 gram of potassium cyanate and enough 
animal charcoal or activated carbon to cover a threepenny­
piece. Heat some water in an evaporating basin to the boiling 
point and keep it hot over a small flame. Do not allow the 
water to boil vigorously and make up evaporation loss as 
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required. Stand the flask in the hot water, holding it or clamp­
ing it to prevent its being upset. After about 30 minutes remove 
the evaporating basin and put the flask on the wire gauze over 
the gas flame · till the contents just begin to boil. Filter 
through a paper and funnel previously warmed by pouring 
through a little hot water. The filtrate should be clear and 
c olourless and should deposit crystals of monophenyl urea as it 
cools. 
Filter off these crystals from the cold liquid, wash them 
once or twice with a little cold water and dry them on clean 
blotting p aper for about half an hour. 
Note that the aniline hydrochloride supplied has a dark 
colour due to impurities produced by atmospheric oxidation.  
The pure substance is colourless . Coloured impurities are often 
absorbed and removed by animal charcoal or activated carbon. 
Experiment 4.-Crystallisation from a Solvent.- ( a )  
Acetanilide from Water.-Acetanilide C6H5NHCOCH3, is readily 
soluble in hot water, but only sparingly soluble in cold water. It 
has a fairly high melting-point and crystallises well. The crude 
substance as prepared in Experiment 1 may contain aniline, 
acetic anhydride, acetic acid, arid coloured matter of unknown 
composition. When acetanilide is crystallised from water, 
aniline, etc. , remain in solution, but the coloured tarry matter 
is not easily removed by water alone .  If a little animal charcoal 
or activated carbon is added to the preparation, the tar is 
absorbed, and the filtered solution becomes colourless. 
Place in a beaker as much crude acetanilide as would rest 
on a penny to form a heap, and add about 50 ml. of water. Heat 
gently, stirring with a glass rod or sealed glass tube ( do not 
use a spatula)  until the acetanilide is dissolved. It will probably 
melt first forming a heavy oily liquid. Then add enough carbon 
to rest on the end of a spatula, and continue the heating and 
stirring for a few minutes. It is not necessary or desirable to 
boil the solution, but stirring must continue as long as the liquid 
is heated by a flame, since any liquid containing a suspended 
solid will bump owing to local overheating if it is not stirred. 
Fit two filter-funnels with filter-p apers. Pour a little boiling 
water into each funnel to warm it, and then filter the hot 
solution of acetanilide. The filtrate should be nearly colourless 
and should deposit leaf-like crystals as it cools. After cooling 
and crystallisation are complete, filter again through a fresl;l 
paper to separate the crystals, and allow them to drain as well 
as possible. Transfer the moist crystals by means of a spatula 
to sheets of blotting paper ( not filter-paper) ,  and press them 
between the folds of the paper to remove adherent liquid. Dry 
the crystals in air ( or in wet weather in a desiccator) ,  and 
preserve a specimen for melting-point determination. 
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( b )  Naphthalene from Alcohol. Many organic substances, 
owing to their low melting points or their insolubility in water 
must be crystallised from other solvents. For instance naptha­
lene ( C10H8) is almost insoluble in water, but it is very soluble 
in hot ethyl alcohol and only moderately soluble in the cold. 
Tarry and other organic impurities in the naphthalene are 
soluble in alcohol, and are therefore easily separated. 
This exercise requires the application of heat to alcohol, 
which is inflammable . The risk of fire is very small if the 
directions given below are followed carefully ; if the alcohol 
ignites, turn off the gas and smother the flame by holding an 
asbestos gauze, a n ote-book, a filter-paper box, or other flat 
object closely over the beaker. If burning alcohol is spilt, 
extinguish the fire with water, which dissolves the alcohol. 
Place enough crude naphthalene to make a heap on a penny 
in a dry beaker, and add cold alcohol in small amounts at a 
time with constant stirring until about half of the naphthalene 
appears to have dissolved. Heat some water in an evaporating 
dish to the boiling-point, turn down the flame to a height of 
about one inch, hold the beaker in the hot water, and stir until 
the n aphthalene disso.lves. Prepa:r:e filters as in Experiment 
4 ( a )  and warm them by means of a few ml. of alcohol 
cautiously heated in a test-tube. Discard this alcohol after it 
drains through the filter-papers. Filter the warm solution of 
naphthalene, allow it to cool, and filter off and dry the crystals 
as in the preceding exercise. Preserve a sample of the purified 
naphthalene. 
In both sections of Experiment 4 success depends on choice 
of appropriate proportions of solvent and solute. If too much 
solvent is used the yield of crystals is poor. If too little solvent 
is used crystallisation takes place on the filter-paper, and in the 
stem of the funnel, which then becomes choked. An attempt has 
been made to provide a guide to the use of appropriate propor­
tions of solvent and solute ; but, if any difficulty is experienced 
at the first attempt, repeat the experiment, making what you 
think is a suitable adjustment of the amount of solvent relative 
to that of solute. 
Experiment 5.-Fractional Distillation.-When a mixture 
of two or more volatile liquids is distilled the vapour has in 
general a composition different from that of the liquid in 
equilibrium with it. This difference in composition is utilised in 
stills , and in fractionating columns to effect the separation of 
substances which could hardly be separated in any other way. 
With efficient fractionating columns the separation is remark­
ably c omplete even when the co:mponents of a mixture do not 
differ much in boiling-point. 
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It is possible even with a simple distillation-apparatus, not 
fitted with a fractionating column, to achieve a fair measure 
of separation of two volatile liquids provided that the boiling­
points of t:\1e two liquids (at the same pressure ) are sufficiently 
widely separated. However, separation is by no means even 
approximately complete ( as will appear in this experiment ) 
unless the boiling-points are very wide apart. 
The mixture supplied consists of acetone, boiling-point 56° 
at atmospheric pressure, and amyl acetate, boiling-point about 
139° . Both liquids are inflammable and acetone gives off a 
high concentration of vapour which constitutes a fire-hazard. 
Acetone mixes with water and acetone fires can therefore be 
extinguished by flooding them. 
The apparatus consists of a distilling-flask, a water-cooled 
condenser and accessories, a retort-stand and clamp, and a 
thermometer. It is assembled according to instructions, and is 
shown in Figure 2. 
WAT E R  
TO S I N K  
Fig. 2 
WAH R 
F ROM TA P 
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If the distilling-flask is not dry, empty out any liquid that 
it may contain. Put a funnel into the neck of the flask and tilt 
the flask until the side-tube points upwards. Then pour a few 
ml. of ethyl alcohol through the funnel into the flask and rinse 
it. Remove the funnel and pour out the alcohol in such a way 
that it does not get into the side-tube of the flask. Drain the 
flask as completely as possible to get rid of small amounts of 
alcohol and then pour in through the funnel, with the flask 
tilted as before, enough acetone-amyl acetate mixture to half­
fill it. Do not take more of the mixture than this. Slide the 
cork on the thermometer into such a position that, when the 
cork is fitted to the neck of the flask, the bulb of the 
thermometer is opposite to the junction of the neck with the 
side tube. This arrangement ensures that the thermometer 
registers the temperature of the emergent vapour, which is also 
the boiling-point of the distillate at any particular moment. 
Using a retort-stand and clamp set up the c ondenser at a 
suitable height and angle.  Notice that the inner tube of the 
condenser projects more at one end than at the other, and 
arrange the apparatus s o  that the longer projecting end is over 
the flask or other vessel which is to receive the distillate. Attach 
the lower side-tube of the condenser to the water-supply by 
flexible tubing and attach another flexible tube to the upper 
side-tube to carry the cooling water to the sink. Pass the side-tube 
of the distilling-flask into the upper end of the inner condenser­
tube until the rubber ring on the side tube is in contact with the 
condenser-tube. This arrangement brings the hot emergent 
vapour from the distilling-flask immediately into contact with 
the cooled condenser-tube. Clamp the outer condenser-tube 
firmly by the middle,  and adjust the height of the clamp and the 
slope of the condenser in such a way that the bulb of the dis­
tilling flask is supported by wire gauze resting on a tripod-stand, 
with the side-tube of the flask inside the inner tube of the con­
denser. It is not necessary to clamp the flask in position. 
Allow a steady slow stream of water to flow through the 
condenser and heat the liquid in the flask until it begins to boil .  
Then carefully adjust the height of the flame until distillation 
occurs at the rate of not more than two drops per second. Pro­
tect the apparatus from draughts as far as possible and do not 
use a smoky flame. Do not collect the first portion of the 
distillate in a beaker because it consists mainly of acetone which 
evaporates very rapidly from a large exposed surface. Use a 
clean dry test-tube or a flask as receiver. Collect the distillate 
until the thermometer registers about 65° . Then change the 
receiver and continue to distil until the temperature reaches about 
125° . It will be necessary gradually to increase the height of 
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the heating flame as the temperature rises because the upper 
parts of the flask become progressively more efficient as a reflux 
condenser. At about 125u change the receiver again and collect 
the rest of the distillate, which is mostly amyl acetate. The 
second fraction collected between 65° and 125° is a mixture. 
Pour a few drops of the low-boiling fraction into a few 
drops of water. The two liquids should mix because acetone is 
miscible with water in all proportions. Test the second and third 
fractions in the same way. Two liquid layers are formed since 
amyl acetate has a very low solubility in water. 
The separation of acetone and amyl acetate in this dis­
tillation is by no means sharp or complete. To obtain a better 
sample of acetone, clean out and rinse the distilling flask with 
ethyl alcohol as previously described, drain the flask and place 
the first fraction boiling up to about 65° in it. Rinse out and 
drain the condenser and redistil the first fraction. The first 
portions that come over are nearly pure acetone, and must be 
reserved for a boiling-point determination as in Experiment 6. 
PHYSICAL PROPERTIES OR ORGANIC COMPOUNDS 
Experiment 6.-Boiling-point under Atmospheric; Pressure, 
Siwoloboff's Method.-Experiment 5 illustrates an obvious 
method of finding the boiling-point · of a pure substance or a 
mixture. It has the disadvantage of requiring a comparatively 
large quantity of material. 
Siwoloboff's method requires very little of the test-liquid. 
Using a water-bath it may be applied to find the boiling-point 
of any liquid which boils at a temperature appreciably less than 
100° . The necessary apparatus comprises a thermometer, a small 
test-tube, and a capillary tube divided into two sections by a 
seal near one end. 
If no fairly pure acetone from Experiment 5 is available 
use chloroform, methyl alcohol, or other test-liquid supplied to 
you. 
Place about 1 ml. of the test-liquid in the small test­
tube, and attach the test-tube by rubber rings to the 
thermometer in such a position that the mercury in the 
thermometer-bulb and the liquid in the test-tube are approxi­
mately at the same level. Put the capillary tube in the test­
tube with the shorter end downwards. ( See Figure 3 . )  Then 
immerse the test-tube in water in a beaker. The open end of the 
test.-tube must be above water-level. Heat the water in the 
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Fig. 3 
beaker, gradually stirring continuously with a curved stirrer 
( supplied for you ) . Bubbles escape from the lower end of the 
capillary tube. The disengagement of bubbles is at first slow, 
but as the boiling-point of the test-liquid is reached it becomes 
rapid. At this stage remove the gas-flame and allow the water 
in the beaker to cool, stirring it gently. When evolution of 
bubbles ceases, and the test-liquid rises in the capillary tube, 
read the thermometer and take this reading as the boiling-point 
of the test-liquid. 
During the heating the air in the lower- part of the capillary 
tube is replaced by the vapou r of the test-liquid. When this 
liquid cools at atmospheric pressure it enters the capillary tube 
only when its vapour pressure has fallen to one atmosphere-­
fl:lat is ,  when the boiling-point at atmospheric pressure is 
reached. As long as a rapid stream of bubbles issues from the 
capillary tube the temperature of the test-liquid is very slightly 
above its boiling-point. 
If the boiling-point of the test-liquid is above 100° a higher­
boiling liquid must be used in the heating-h:i.th. 
Experiment 7.-Melting-point of a Solid .-If the melting­
point of a substance is not too high or too low it may be found 
correct to about one degree by the method to be described. 
Knowledge of the melting-point is often very useful in identi­
fying an organic compound. If the compound is pure and 
crystalline, and if it does not decompose when heated, it melts 
at a definite temperature. Determine the melting-points of your 
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purified samples of acetanilide and naphthalene according to 
the following instructions. 
Obtain a capillary tube ( melting-point tube ) ,  and seal, if 
necessary, one end by holding it just at the edge of a very small 
flame. Cool it, scrape up a very small quantity of the powdered 
chemical at the open end and tap the tube on the bench until 
the powder falls into the closed end. Do not use more powder 
than is sufficient to be clearly vii:ible in the tube. Attach the 
melting-point tube to the thermometer with two rubber rings 
so that the closed end is alongside the thermometer-bulb. Slide 
the cork on the stem of the thermometer into a convenient 
position and support the thermometer vertically in a clamp with 
the cork in the jaws of the clamp. Support a beaker, containing 
some oil and provided with a curved glass stirrer, on a wire­
gauze and tripod-stand, and adjust the clamp holding the ther­
mometer so that the bulb is immersed in the oil. The open end 
of the melting-point tube must be well above the oil-surface.  
( See Figure 4. ) 
Fig. 4 
Make sure that there are no globules of water in the oil, 
otherwise sudden formation of steam may occur on heating, 
causing the oil to be spilt. Heat the oil slowly, observing the 
thermometer-reading and the condition of the substanee in the 
melting-point tube. When melting occurs read the temperature 
at once. If there is any doubt about the reading allow the oil 
to cool until the substance in the tube becomes solid and then 
repeat the heating. 
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If heating is gradual, there is no appreciable difference in 
temperature between the thermometer and the melting-point 
tube. Rapid heating may cause such a difference and may lead 
to wrong results. The melting-point is always observed with 
rising temperature of the heating-bath. If the temperature is 
falling large errors usually occur owing to supercooling of the 
liquified test-substance. The test-substance must be pure and 
free from any solvent from which it has been crystallised. Other­
wise the observed melting-point is lower than the correct value. 
Experiment 8.-Identification of au Organic Substance by 
Conversion to a Suitable Derivative. - Sometimes when the 
boiling-point or  melting-point of an organic substance has an 
inconveniently high or  low value, it is possible to prepare a 
known derivative which is easier to deal with. When the 
derivative has been identified by its physical and other 
properties the identity of the parent substance is established 
also. For instance benzaldehyde, C6H5CHO, is a liquid of low 
melting-point and high boiling-point. It is easily oxidised to 
benzoic acid, the melting-point of which is conveniently 
observable. 
Weigh out on the rough balance into a small flask 2 grams 
of potassium permanganate. Add about 50 ml. of water and 
about 25 ml. of sodium hydroxide solution ( about 2N) from the 
bench-bottle. Shake with a rotary movement for a few minutes 
to dissolve the permanganate, and then add about 3 ml. of 
benzaldehyde and continue the shaking. The liquid first becomes 
green owing to temporary formation of manganate, and then 
becomes turbid and dark as further reduction to insoluble 
manganese dioxide occurs. Sodium benzoate is formed and 
remains in solution. Write a suitable equation for the final 
reaction assuming that permanganate is reduced to manganese 
dioxide. 
Filter off the manganese dioxide and add dilute hydrochloric 
acid to the filtrate, which should be clear and colourless. 
Benzoic acid is a weak acid, sparingly soluble in water, and is 
precipitated. When no more precipitate appears, stop adding 
hydrochloric acid. Filter off the crystals of benzoic acid, dry 
them on blotting-paper, then in air or in a desiccator, and deter­
mine the melting-point of the acid. 
Experiment 9.-Qualitative Tests for Nitrogen, Sulphur, and 
Halogens in Organic Compounds.-Nitrogen, sulphur, chlorine, 
bromine, and iodine may be present in organic compounds. They 
are usually incorporated in the molecule by covalent bonds. The 
general methods for their detection depend on the destruction 
of the molecule by high-temperature reactions, and the con­
version of these elements to electrovalent compounds (nitrogen 
is converted to cyanide) .  Sensitive tests are then available. 
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(a)  Beilstein's Test for Halogens and ( in some Compounds)  
for Nitrogen.-Heat a piece of  copper gauze to dull redness 
in a small blue gas-flame until it no longer colours the flame 
greenish. Do not heat strongly or the copper gauze will melt. 
Allow it to cool and place a fragment of the test-substance on 
the copper, and heat again in the flame. If halogen is present 
the flame is coloured green or blue. The halogen of the organic 
compound is converted to a copper halide which is volatile 
enough to impart to the flame the characteristic colour given 
by compounds of copper. 
Some nitrogen compounds form copper cyanide which 
behaves in the same way as a halide. Carry out the test with 
chloral hydrate, CC13CH ( OH ) 2  and with urea, CO (NH2 ) 2 • 
Note that Beilstein's  test does not discriminate between the 
various halogens, that it indicates a halogen with certainty only 
if nitrogen is known to be absent, and that it indicates nitrogen 
only in absence of halogens. 
( b )  Lassaigne's tests.-In this method the organic com­
pound is decomposed by reaction with metallic sodium at high 
temperature. Halogens are converted to sodium salts, sulphur 
to sodium sulphide, and nitrogen (together with some carbon ) 
to sodium cyanide. All these are readily detected. 
Sodium is a dangerous substance and a fire-hazard. Use it 
only in very small quantity, do not touch it with your fingers, 
and do not leave fragments of it on the working-benches or 
anywhere else. 
Place a few milligrams only of the test-substance in a very 
small test-tube ( ignition-tube) . Remove a pellet of sodium from 
the oil under which it is kept by means of the spike provided, 
and dry it by rolling it on blotting-paper. Put the sodium in the 
ignition-tube and add a few more particles of the test-substance. 
Hold the tube with crucible-tongs and heat very gently until 
reaction ( which is sometimes vigorous ) begins. Point the 
ignition-tube inwards towards the bottle-rack, not at yourself 
or at anyone else, in case any of the sodium should be shot out 
of the tube. After reaction has moderated heat every part of 
the ignition-tube to dull redness in order thoroughly to 
carbonise or evaporate dark tarry products which, if not 
removed, spoil the colour-tests to be applied later. 
When the heating process is complete stand back at arm's 
length and drop the hot ignition-tube into not more than 20 ml. 
of distilled water in an evaporating-basin. ( Do not use more 
water in order not to weaken the colour-tests to be applied. )  Any 
remaining sodium reacts violently with the water ; but, if only 
one small pellet is used, there should be no danger from sput-
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tering or explosion. After the reaction is complete filter off 
carbon, broken glass, etc. The filtrate should be nearly colour­
less. If it is brown it contains tar, and the test must be 
repeated, taking more care to carbonise the contents of the 
ignition-tube. 
( i) Sulphur in the original organic substance is detected in 
three ways : ( 1 )  Place a few drops of filtrate on a clean silver 
coin. A superficial dark stain of silver sulphide appears if the 
filtrate contains any sodium sulphide. ( 2 )  Add about 1 ml. of 
filtrate to about the same volume of bench-bottle acetic acid. 
Then add one or two drops of . lead acetate. If sulphide is present 
a brown colouration or a black precipitate of lead sulphide is 
formed, according to the amount of sulphide. ( 3 )  To 1 mil. of 
the filtrate add a few drops of freshly prepared solution of 
sodium nitroprusside, Na2Fe (NO)  ( CN )  5• A purple colour 
indicates presence of sulphide .  The purple colour is believed to 
be due to a compound, Na,Fe ( NOS)  ( CN ) 5 , formed according 
to the equation Na2Fe (NO) (CN)5 + Na2S -+ Na4Fe(NOS) (CN)5 •  
'fhis test is very delicate, and when applying it, it  is necessary 
to use reagents free from all trace of sulphur. 
( ii )  Nitrogen in the organic compound is converted to 
sodium cyanide. The amount of sodium cyanide is usually very 
small owing to incomplete conversion of the nitrogen. The 
cyanide is detected as follows : Add to a few ml. of the alkaline 
filtrate from the sodium fusion a small crystal of ferrous 
sulphate, heat gently for 2 minutes and cool. A good deal of 
dark precipitate ( mainly ferrous hydroxide ) is formed. Add one 
drop of ferric chloride solution, and then add concentrated 
hydrochloric acid drop by drop with shaking or stirring. The 
precipitate dissolves in the acid, and if cyanide is present, a 
green or blue colouration appears . This is a colloidal Prussian 
blue. The reactions are represented approximately by the 
equations :-
Fe(OH) 2 + 6NaCN -+ 2NaOH + Na4Fe (CN) 6 and 
3Na4Fe(CN)6 + 4FeC13 -+ Fe4(Fe (CN)6) 3 + 12 NaCl. 
( iii ) Halogens are detected as their silver salts. To a few 
ml. of alkaline filtrate, add enough nitric acid to give an acid 
reaction ; then add silver nitrate solution. A precipitate or 
opalescence indicates halogen in the organic test-substance. If 
there is sufficient precipitate its solubility in ammonia solution 
may be tested in the attempt to decide between chloride, bromide 
and iodide. 
Cyanide and sulphide, if not removed, cause complication in 
this test, since silver cyanide ( white) and silver sulphide ( black) 
are both insoluble in water. If therefore nitrogen or sulphur 
has been found in the organic substance, boil the acidified 
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filtrate before adding silver nitrate solution . Hydrogen sulphide 
and hydrogen cyanide are expelled or oxidised, and no compli­
cation can arise. 
Sulphanilic acid is provided for testing for nitrogen and 
sulphur, and suitable halogen compounds are supplied. Note 
carefully that certain highly chlorinated compounds, notably 
chloroform and carbon tetrachloride, react explosively with 
sodium. These must not be submitted to the Lassaigne test. As 
a safety precaution do not use chloral hydrate in this test. 
REACTIONS OF SOME WELL-KNOWN CLASSES OF 
ORGANIC, COMPOUND 
A. HYDROCARBONS 
Experiment 10.-Methane.-Some hydrocarbons are con­
veniently prepared by heating the sodium salt of a carboxylic 
acid with soda-lime. Soda-lime is a mixture of sodium hydroxide 
and calcium hydroxide. It is more convenient to handle than 
sodium hydroxide alone. A general equation for these reactions 
may be written as :-
RCOON a +  NaOH -+ RH + Na2C03• 
Here R represents an organic radicle. The simplest of these 
reactions is that by which methane is prepared from sodium 
acetate, namely :-
CH3COON a + NaOH -+ CH4 + Na2C03 , 
In practice the methane is not very pure owing to side­
reactions. 
A mixture of sodium acetate and soda-lime is provided. 
Take some of it on a sheet of paper and pour it into a dry test­
tube, preferably of Pyrex glass. The test-tube should be about 
one-third full of mixture. Attach a bent glass tube as shown in 
Figure 5, and clamp the test-tube almost horizontally, but with 
the mouth very slightly lower than the closed end, so that any 
water liberated during the subsequent heating does not flow 
back on to the hot glass and crack it. In order to avoid burning 
the lining of the jaws of the clamp, make sure that it holds 
the test-tube near the mouth, and that the mixture to be heated 
remains near the closed end. Adjust the height of the test­
tube so that the end of the delivery-tube dips vnder water in an 
evaporating basin, and arrange to collect the methane in test­
tubes by displacement of water. Hold the gas-burner in your 
hand and, using a hot flame, heat the reaction-mixture strongly. 
Move the flame about slowly so that the whole mass becomes 
hot, and so that no part of the test-tube is softened by excessive 
heating. 
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Allow the methane first to displace the air in the apparatus, 
and then collect it. Before removing the flame lift the delivery­
tube out of the water in the basin, or pull the stopper out of 
the test-tube. No water can then be drawn into the test-tube 
as it cools. 
Fig. 5 
Keeping the test-tube full of methane inverted owing to the 
lightness of this gas, ignite it and observe the almost non­
luminous flame. Almost close another test-tube with the thumb 
and put in one or two ml. of bromine water. Then shake up, 
keeping the test-tube closed, and observe whether or not the 
colour of the bromine fades. Pure methane does not react with 
bromine. Remove the bromine stain from your thumb with 
sodium carbonate solution. 
The test-tube which has been heated may be cleaned out, 
after emptying it ( not into the s:nk) with dilute hydrochloric 
acid. 
Experiment 11.-Acetylene.-This gas is very easily pre­
pared by action of water on calcium carbide. The reaction is 
violent, and must be controlled by adding water to carbide at 
a regulated rate . Mixtures of acetylene and air are highly 
explosive and dangerous, particularly in a glass apparatus. 
Therefore all gas-flames within r_ix feet of the apparatus must 
be turned out, and the acetylene must not. be ignited as it issues 
from the delivery-tube, but must be collected over water in test­
tubes. Acetylene from calcium carbide has an objectionable 
odour due to impurities. Do not allow it to escape into the 
room ; but work near the draught-flue, and keep the apparatus 
closed after use. 
Calcium carbide is supplied in small pieces. Place two or 
three of these in the generating bottle, and insert the stopper 
through which pass the dropping-funnel and delivery-tube. 
Arrange the apparatus and collect the acetylene over water as 
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in Figure 6. Allow water to drip very slowly on to the carbide 
from the dropping-funnel and, after a short time, when the air 
in the apparatus has been presumably displaced, collect the 
acetylene in test-tubes. 
Fig, 6 
Ignite the gas in one test-tube at a flame some distance 
away. Acetylene burns with a smoky flame if not mixed with 
air. A mixture explodes harmlessly in a test-tube. In this 
event collect further samples until the gas burns quietly. 
Add to one tube 1 ml. of bromine-water. Close with the 
thumb and shake. The colour of the bromine fades slowly owing 
to formation of acetylene tetra-bromide. To another tube add 
a solution of cuprous chloride in ammonia, as supplied ready 
for use. Reddish cuprous acetylide is formed as a precipitate. 
Allow it to settle, decant off the liquid, and add a few ml. of 
concentrated hydrochloric acid. The precipitate dissolves. Write 
equations for the reactions, and note that cuprous acetylide 
is an explosive substance when dry, and that. it must therefore 
be destroyed (by the reaction with hydrochloric acid) . 
Experiment 12.-Benzene. - Benzene C6H6 is the simplest 
of the aromatic hydrocarbons. Note its characteristic odour. 
Pour a few drops only on an asbestos gauze under the draught 
flue and light it. Note the characteristic smoky flame. Do not 
allow carbon particles from the flame to get into the room. 
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Benzene is a reactive substance, and one or more of the 
hydrogen atoms can be replaced by various elements and 
radicles. The reactions with nitric acid, resulting in replacement 
of one or two hydrogen atoms by the nitro-group, are highly 
characteristic. Mono-nitrobenzene, C6H5N02 , is prepared on the 
large scale in industry. 
Mix in a dry test-tube 1 ml. of concentrated nitric acid 
with 2 ml. of concentrated sulphuric acid. Do not use a pipette 
to measure out the acids. Cool the warm mixture by gentle 
shaking under the tap. Then add ten drops of benzene, which 
will at first float on the acid mixture. Continue to shake gently, 
cooling all the time under the tap, for five minutes . Pour the 
contents of the test-tube into water. A heavy yellow oil ( nitro­
benzene)  separates and sinks in the water. The odour is very 
characteristic. Write an equation for the reaction. 
In this reaction a good deal of heat is evolved, h.ence the 
necessity for cooling. If too much benzene is used some of it 
does not react, and since benzene is lighter than water, and is 
miscible with nitrobenzene, heavy oily drops may not form when 
the nitration-mixture is poured into water. If, on the other hand, 
the temperature is allowed to rise, some dil}itro-benzene, which 
is a solid, is produced. ( Write an equation. ) 
Do not on any account apply external heat. At high tem­
peratures nitric acid oxidises benzene violently, and acid may boil 
out of the test-tube. 
B. ALCOHOLS 
Experiment 13.-Methyl alcohol. (a)  Solubility.-Add a few 
drops of methyl alcohol one by one to a few drops of water. Note 
that the liquids mix in all proportions. 
(b) Oxidation by Chromic acid.-Add to the mixture ( a )  a 
few drops of co_ncentrated sulphuric acid and a few p articles of 
potassium or sodium dichromate. Warm, and note the reduction 
of the dichromate. 
. . . ) 
( c )  Esterification ( Methyl Salicylate Test) .-Add to about 
1 ml. of methyl alcohol a little s olid slalicylic acid, 
C1;H4 ( OH:) ( COOR) , and a few drops of concentrated sulphuric 
acid. Shake gently to dissolve the salicyclic acid and stand the 
test-tube in hot water for ten minutes. Do not boil ,the liquid in 
the test-tube. Pour the contents into water, and notice the 
characteristic odour of methyl salicylate. Write an equation for 
the reaction. 
( d) Oxidation to Formaldehyde.-·Poµr about 1 ml. of 
methyl alcohol into a test-tube, then rotate and tilt the test-
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tube until the whole inner surface is wetted by methyl alcohol. 
Discard any excess. Heat a helical spiral of heavy copper wire 
to dull redness in a gas-flame, . but do not melt the copper by 
over-heating it. Allow the spiral to cool a little in air and to 
become covered with a film of black cupric oxide. Now plunge 
it into the test-tube which has been wetted with methyl alcohol. 
If conditions are correct the cupric oxide is reduced to pinkish 
metallic copper and formaldehyde is produced in the test-tube. 
Pull out the spiral as soon as it has been reduced, let it oxidise 
· again in the air and replace it in the test-tube. Reaction again 
occurs, and the whole process may be repeated rapidly a number 
of times without reheating the spiral . Smell the contents of the 
test-tube cautiously, and note the odour of formaldehyde. Pour 
in about 1 ml. of Schiff's  reagent ( a  solution of magenta which 
has been decolourised by sulphur dioxide ) .  A reddish-purple 
colour develops. 
Do not put the copper spiral into the test-tube while it is still 
red hot. The methyl alcohol takes fire if heated too strongly, 
and the test is spoilt. 
Write an equation for the oxidation of methyl alcohol by 
cupric oxide. 
Experiment 14.-Ethyl alcohol.-( a )  and ( b ) .-Carry out 
tests exactly as in Experiment ( 13 ) , ( a ) and ( b ) substituting 
ethyl alcohol for methyl alcohol.  In test ( b )  the characteristic 
odour of acetaldehyde should be noted. 
( c ) Esterification (Ethyl Acetate Test) .-Mix 1 ml. of ethyl 
alcohol with 1 ml. of concentrated acetic acid. ( Do not use the 
dilute acetic acid in the bench-bottle. )  Add a few drops of con­
centrated sulphuric acid. Shake gently and heat over a very 
small flame or stand the test-tube in boiling water for ten 
minutes. Do not boil the _liauid in the test-tube. Pour the con­
tents into water and note the pleasant odour of ethyl acetate. 
Write an equation for the reaction. 
(d)  Iodoform Test.-Add to about ten drops of ethyl alcohol 
about 5 ml. of a solution of iodine in aqueous potassium iodide. 
Then add sodium hydroxide slowly vl'ith constant shaking until 
the solution becomes yellow. Warm ve'ry gently over a small 
flame or put the test-tube in hot water until a slight cloudy 
appearance is seen. Then cool it at once with cold water. A 
small precipitate of iodoform appears. Shake the contents of 
the test tube vigorously. A foam ic; produ ced, and the yellowish 
iodoform collects in it. Iodoform has a characteristic smell. 
Alcohol is not a good raw material for iodoform preparation, 
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and the yield is poor. Write equations for the various ( idealised) 
reactions. 
Avoid u sing too much sodium hydroxide and do not heat too 
long ; otherwise the test is not successful. Repeat the iodoform 
test, using first methyl alcohol, and then acetone instead of 
ethyl alcohol . Record the results and write any necessary equa­
tions. 
Experiment 15.-Glycerol, C3H5 ( 0H ) 3• (a) Solubility.­
Note that glycerol is very viscous and that it mixes in all pro­
portion with water. These properties are characteristic of poly­
hydric alcohols. 
( b )  Acrolein Test.-To a few drops of glycerol in a dry test­
tube add about twice its bulk of potassium hydrogen sulphate 
and heat the mixture. Acrolein, which has a very irritating 
odour, is evolved. Refer to your text-book for an equation for 
the reaction. 
Experiment 16.-Amyl Alcohol.-Commercial amyl alcohol 
is a mixture of isomers ; but their properties are very similar. 
(a)  Solubility.-To some water in a test-tube add amyl 
alcohol drop by drop and shake after each drop. Note to what 
extent amyl alcohol is soluble in water. Low solubility in water 
is characteristic of monohydric alcohols containing more than 
four carbon atoms. 
( b )  Esterification (Amyl Acetate Test) .-Mix in a dry test­
tube about 1 ml. of amyl alcohol, 1 ml. of concentrated ( not 
bench-bottle) acetic acid, and a few drops of concentrated sul­
phuric acid. Stand the test-tube in boiling water for ten minutes 
and pour the contents into water. Notice the odour of amyl 
acetate and write an equation for the reaction. 
Experiment 17.-Phenol C6H,OH.-Phenol may be regarded 
as a derivative of benzene ( C6H6 ) just as ethyl alcohol may 
be regarded as a derivative of ethane ( C2H6 ) .  The chemical 
properties of phenol are, however, very different from those 
of the aliphatic alcohols. The term "phenol" like "alcohol" is 
generic as well as specific, and any hydroxy derivative of the 
hydrocarbons of the bepzene series is known as a phenol. Phenol 
itself is the simplest compound of this class. 
Phenol is a poison. The crystalline substance and concen­
trated solutions corrode the skin. Therefore manipulate the 
crystals with a spatula and do not spill phenol on the benches. 
(a) Note the crystalline hygroscopic nature of phenol and 
its characteristic odour. 
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(b)  Solubility. To about 2 ml. of water add one very small 
fragment at a time of phenol, and stir or shake gently after ·each addition. The phenol dissolves at first, but after the 
water has become saturated, any excess phenol melts and 
forms a second liquid phase. At this stage warm the test­
tube and shake gently. The liquid becomes homogeneous 
owing to the complete mutual miscibility of phenol and water 
at about 68 ° .  Cool under the tap, and note the separation 
into two liquid phases. 
( c )  Acidic Property of Phenols. To some of the cooled 
solution from ( b )  add sodium hydroxide drop by drop. The 
phenol-rich phase disappears owing to formation of sodium 
phenate ( C6H50Na) . Most phenols are weak acids and form 
salts with the alkali metals. 
( d) Ferric Chloride Test. Dilute the remainder of prepara­
tion (b ) until all phenol has dissolved, and divide the 
homogeneous liquid into two parts. To one part add ferric 
chloride solution. A purple colour is produced. Add hydro­
chloric acid and note the disappearance of the colour. Most 
phenols give a colour-reaction with ferric chloride. 
( e )  Bromine-water Test. To the other part of solution ( d )  
add bromine water. A white precipitate o f  tribromophenol 
bromide, C6H20Br4, is produced. 
C. ALDEHYDES 
Experiment 18.-Formaldehyde.-This aldehyde is a gas 
when pure. It is very soluble in water, and a dilute solution 
of it is provided. Smell the solution cautiously (formaldehyde 
is an irritant) , and refer back to Experiment 13 ( d ) . This test 
shows how formaldehyde can be prepared by oxidation of 
methyl alcohol. 
(a)  Reduction of Silver Diammine. Boil about 2 ml. of con­
centrated hydrochloric acid in a test-tube, cool, rinse with water, 
and then boil about 2 ml. of sodium hydroxide solution in the 
test-tube.  Rinse out the sodium hydroxide with rain-water or 
distilled water. The inner surface of the test-tube is probably 
sufficiently clean afte r this treatment. 
Place about 5 ml.  of bench silver nitrate solution in a test­
tvbe and add a few drops of sodium hydroxide. A brown pre­
cipita.te of silver oxide anpears . Then add ammonium hydroxide 
drop by drop with shaking until the precipitate just redissolves. 
Avoid excess of ammonium hydroxide. Now add a little · for­
maldehyde solution and set the test-tube aside. Reduction of 
the silver compound takes place, the solution becomes dark, and 
if conditions are favourable ,  some of the silver deposits as a. 
mirror in the glass. 
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This test is given by many aldehydes and by some other 
reducing substances. The silver exists in solution mainly as the 
complex ion Ag ( NH3 ) 2 + and the reaction with an aldehyde can 
be represented approximately by the general equation'--
2Ag(NH3) 2 + + 30H- + RCHO -r 2Ag + RCOO - + 4NH3 + 2H20. 
( b )  Reduction of Fehling's Solution. In a similar way cupric 
copper held in alkaline solution as a complex negative ion is 
readily reduced by aldehydes to the cuprous state. It is usual 
to employ Fehling's solution. This preparation is not very stable 
and is made up as required. Two separate solutions are there­
fore supplied. Each is of no use without the other, and the mix­
ture of the two constitutes Fehling's solution . . The colourless 
solution contains sodium hydroxide and sodium potassium tar­
trate ; the blue solution contains cupric sulphate, and the mix­
ture is deep blue. 
Add the sodium hydroxide-tartrate solution to about 2 ml. 
of the copper sulphate solution, until the initial bluish precipi­
tate has dissolved, and the liquid is deep blue .  Add formalde­
hyde and warm gently. Cuprous oxide, which exhibits various 
reddish colours , is precipitated. Sometimes when the conditions 
are correct formaldehyde precipitates metallic copper as a mirror 
on the glass. 
A somewhat simplified equation for reactions of this class 
is-
2Cu++ + RCHO + SOH- -r Cu20 + RCOO - + 3Hp. 
( c )  Schiff's Reagent. To a few ml. of Schiff's reagent ( See 
Experiment 13 ( d ) ) add formaldehyde solution. A reddish­
purple colour develops. This is a general test for aldehydes. 
Perform the same test with ethyl alcohol as supplied for labora­
tory use. The alcohol often contains aldehydes in suffic 'e::it 
quantity to give the Schiff test.  Free alkali, the alkali salts of 
weak acids, or the application of heat will also produce a redoish 
colour. 
Experiment 19.-Acetaldehyde.-This aldehyde is a very 
volatile liquid. Only a dilute solution in water is provided. Note 
the odour and perform tests ( a ) , ( b ) , and ( c )  with acetaldehyde, 
exactly as in Experiment 18. 
Experiment 20.-Dextrose CH20H ( CHOH) 1CHO.-This 
sugar behaves as an aldehyde in some reactions.  Try tests ( a )  
and ( b ) as in Experiment 18. A well-known process for silver­
ing glass makes use of dextrose as in test 18 ( a ) . 
Experiment 21.-Benzaldehyde, C6H5CHO.-This aldehyde 
is related to benzene. It is an oily liquid very sparingly soluble 
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in water. It is supplied undiluted and only a few drops must be 
used for each test. Note the characteristic odour of almonds. 
( a )  Bisulphite Addition-Compound . Add a few drops of 
benzaldehyde to a saturated solution of sodium hydrogeri sul­
phite, and shake. A dense crystalline precipitate of the bisulphite 
compound of the aldehyde appears . Many other aldehydes and 
some ketones give this reaction. The test is particularly easy 
to perform with benzaldehyde. 
( b )  Reduction of Silver Diammine. Prepare a solution as 
as in Experiment 18 ( a ) .  Add one drop of benzaldehyde, shake, 
warm if necessary, and note the reduction of the silver solution. 
( c )  Fehling's Solution. Add one or two drops of benzal­
dehyde to a few ml. of Fehling's solution. Shake and warm. 
Note that the benzaldehyde does not readily reduce Fehling's 
solution to cuprous oxide. 
D. KETONES 
Experiment 22.-Acetone. This compound is the simplest 
ketone, and is the only member of the series provided for study. 
( a )  Physical Properties. Note the odour and easy volatility 
Lf acetone (boiling point 56° ) .  Using a few drops only test its 
miscibility with water. 
( b )  Reduction Tests. Try tests (a ) and ( b )  with acetone 
as in Experiment 18. If the sample is pure there is no reduction 
of ammoniacal silver nitrate solution or of Fehling's solution. 
( c )  Schiff's Test. Try test ( c )  as in Experiment 18. No 
intense colour is developed. 
(d)  Bisulphite Addition Compound. Add about 1 ml. of 
acetone to 2 or 3 ml. of saturated sodium hydrogen sulphite 
solution. Note that the acetone does not mix readily with 
sodium hydrogen sulphite solution. Shake vigorously a:qd note 
that (very often ) the bisulphite compound does not easily 
crystallise out. 
( e )  Nitroprusside Reaction. Add two drops of acetone to 
two ml. of water, then add about three drops of sodium 
hydroxide, and about ten drops of a fresh solution of sodium 
nitroprusside Na2Fe (NO) ( CN ) 0•  A reddish colour is produced. 
( f )  Preparation. Prepare some crude acetone by heating 
calcium acetate . The equation for the main reaction is 
Ca(C2H302) 2 -+ CaC03 + C3H60 
but side-reactions occur, causing separation of carbon, and pro­
ducing substances which impart a foreign odour to the acetone. 
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About one-third fill a dry test-tube with calcium acetate. 
Fit a delivery-tube bent at right angles, and dipping into 
another dry test-tube immersed in cold water as in Figure 7. 
Notice that the delivery-tube must dip well down into the 
receiving test-tube, and that the mouth of the test-tube which 
contains the calcium acetate must be slightly lower than the 
closed end, so that no liquid can run back on to the heated 
portion. Hold the burner in the hand and use a hot flame to 
decompose the calcium acetate. Move the flame about slowly 
to heat the whole mass strongly, but do not overheat any part 
of the test-tube, and avoid heating the clamp or stopper. 
1' 
t L A M E t 
C L A M P 
Fig. 7 
When enough acetone has been collected, lift the heated 
test-tube away from the receiving test-tube or lower the latter 
in order to avoid drawing back acetone when the flame is 
removed. Determine the boiling point of the crude acetone by 
the Siwoloboff method ( Experiment 6 ) ; also repeat test ( e )  of 
the present experiment. Observe the odour of the crude acetone, 
and test its inflammability by pouring a little on asbestos gauze 
and lighting it. 
Garry out the iodoform test as described in Experiment 
14 ( d ) , using crude acetone in place of ethyl alcohol. 
When the test-tube in which the calcium acetate has been 
heated is cool, scrape out the solid residue in it. Select some of 
the dark portion, and add dilute hydrochloric acid. Notice the 
evolution of carbon dioxide. The test-tube can be cleaned with 
hydrochloric acid. 
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E. CARBOXYLIC ACIDS 
These acids contain one or more carboxyl ( COOH )  groups. 
Those of lower molecular weight, particularly when they contain 
hydroxyl ( OH) groups, are readily soluble in water. The solu­
bility in water of members of any given homologous series 
usually diminishes as the number of carbon atoms increases. 
Experiment 23.-Formic Acid. This acid is a poisonous 
irritant and must not come into contact with the skin. 
( a )  Solubility. Using a few drops only, observe cautiously 
the pungent odour and test the miscibility with water. 
( b )  Reduction of Silver Ion. Add to a few drops of con­
centrated formic acid or to a few ml. of a dilute solution enough 
ammonium hydroxide solution to produce a persistent odour of 
ammonia on shaking. Boil the solution for two or three minutes 
to expel ammonia, cool and add silver nitrate solution. Observe 
the white precipitate of silver formate. Heat and observe that 
the silver formate decomposes with separation of dark-coloured 
metallic silver. 
2Ag+ + 2HCOO- --+ HCOOH + 2Ag + C02 
( c )  Reduction of a Mercuric Salt. Add a few drops of con­
centrated formic acid to a few ml. of mercuric chloride solution 
and heat gently. Mercurous chloride (white ) or metallic mercury 
( grey) is precipitated. Write equations for the reactions. 
( d )  Reduction of Acid Permanganate. Add a few drops of 
concentrated formic acid to a few ml. of dilute sulphuric acid. 
Then add enough potassium permanganate solution to give a 
definite purple colour, and warm gently. Observe the reduction 
of the permanganate, and the evolution of carbon dioxide. 
Write an equation for the reaction. 
· 
( e )  Carbon Monoxide Test. Add 1 ml. of concentrated 
formic acid to 2 ml. of concentrated sulphuric acid. Mix the 
two liquids by gentle shaking and heat very cautiously. Observe 
the rapid evolutjon of carbon monoxide and its characteristic 
blue flame when ignited. 
Experiment 24.-Acetic Acid.-Repeat tests ( a) ,  (b ) ,  ( c ) , 
( d )  as for formic acid in Experiment 23 using concentrated 
acetic acid or dilute acetic acid as required instead of formic 
a r>id. Note that acetic acid has not the same reducing properties 
as formic acid, and account for this difference. 
( e )  Esterification (Ethyl Acetate Test) . Mix together 1 ml. 
of concentrated acetic acid, 1 ml. of ethyl alcohol, and a few 
drops of concentrated sulphuric acid, and stand the test-tube 
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in hot water for ten minutes . Pour the contents into water and 
note the odour of ethyl acetate . 
( f )  Ferric Chloride Reaction. Neutral ferric chloride should 
be used and this may be prepared as follows : Add dilute NaOH 
solution, drop by drop, to 1 ml. of the bench-reagent ferric 
chloride solution until a sm all but permanent precipitate of ferric 
hydroxide is obtained. Filter and use the clear filtrate. Add 
about one half ml. of the ferric chloride so prepared t() about 
1 ml. of sodium acetate solution. Note the red colour of the 
liquid. Heat gently and note the separation of a brown precipi­
tate . This reaction is used for the phosphate separation in 
analysis. 
Experiment 25.-Palmitic Acid, C15H31COOH, and Stearic 
Acid, C1 1H35COOH.-These two acids are so similar in composition 
and in properties that they are very difficult to separate. Com­
mercial samples are usually mixtures. This is of no importance 
in the following tests . 
( a )  Physical and Acidic Properties. Note the waxy character 
and the odour of the solid substance . Place a few mg. in water 
and note that it has no apparent solubility. Warm the test-tube 
and observe that the acid melts and forms an insoluble light oil. 
Add sodium hydroxide solution and shake. Note that the acid 
passes into solution as its sodium salt ( soap) .  Add dilute hydro­
chloric and observe the precipitation of the fatty acid as a soft 
mass or as an oil according to the temperature of the liquid. 
( b )  Bromine Test for Unsaturation. Add a small frag­
ment of fatty acid to 1 ml. of a solution of bromine in carbon 
tetrachloride or chloroform. The acid dissolves and, being a 
saturated compound, does not react with bromine. 
Experiment 26.-0leic Acid, C 1 7H33COOH.�This acid has 
a double bond between the ninth and tenth carbon atoms of the 
radicle C11H33 and is an oily liquid at room temperature. 
Repeat tests ( a )  and ( b )  as in Experiment 24 using oleic 
acid. Note in particular the reaction with bromine and disap­
pearance of the red colour. Write a graphic formula for the 
product of reaction. 
Experiment 27.-Benzoic Acid, C,;H,,COOH.-This acid i." 
related formally to benzene just as acetic acid is related to 
methane. 
( a ) Sub'imation. Note the flaky crystalline nature of the 
acid and its characteristic odour. Heat a very small quantity 
in a dry test-tube and observe that it melts , evaporates and 
condenses on the upper cooler parts of the test-tube. The 
vapour is very irritating if inhaled. 
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(b ) Solubility. Shake up a little benzoic acid with a little 
water. Notice that it dissolves only sparingly and slowly. Warm 
gently and continue to shake, and note that the acid dissolves 
more easily with rising temperature. Set the solution aside to 
cool, and note the separation of crystals. 
( c )  Acidic Properties. Add benzoic acid slowly with 
shaking to 2 ml. of sodium hydroxide solution. Note the rapid 
solution of the acid owing to formation of the sodium salt. Add 
hydrochloric acid and observe the precipitation of benzoic acid. 
( d ) Esterification (Ethyl Benzoate Test) . Add about 1 gm. 
of benzoic acid to about 2 ml. of ethyl alcohol. Then add a few 
drops of concentrated sulphuric acid and stand the test-tube in 
hot water for ten minutes. Pour the contents into water and 
note the peculiar smell of ethyl benzoate. 
Experiment 28.-Salicylic Acid, C6H4 (OH) ( COOH) .-This 
acid is also a derivative, of benzene. Because it contains an OH 
group it has the properties of a phenol ( see Experiment 17) as 
well as those of an acid. 
( a )  Ferric Chloride Reaction. Dissolve a little salicylic acid 
in water ( it is sparingly soluble) , and add a few drops of ferric 
chlor ide solution. The phenolic character of salicylic acid is well 
shown by the strong purple colour, much more intense than that 
given by phenol itself. Add hydrochloric acid and notice that 
the colour vanishes . 
( b )  and (c) . Carry out tests ( b) and ( c )  as for benzoic acid 
( Experiment 27 )  substituting salicylic acid for benzoic acid. 
( d )  Refer to Experiment 13 test (c ) and repeat this test. 
( e) Heating with Soda-lime (Decarboxylation) . Mix a 
little salicylic acid with about three times its bulk of soda-lime. 
Heat the mixture in a dry test-tube and observe the odour of 
the vol<:tile product. Refer to Experiment 10, and write an 
equation for the reaction. 
Experiment 29.-0xalic Acid (a)  Sulphuric Acid Test 
( Dehydration) . Add about 2 ml. of concentrated sulphuric acid 
to about 1 gm. of oxalic acid in a test-tube. Heat gently and 
cautiously. Demonstrate the presence of carbon dioxide in the 
escaping gases by holding a glass rod dipped in lime-water at 
the mouth of the test-tube. Then apply a light and observe the 
flame of carbon monoxide. 
( b )  Reduction of Acid Permanganate. Other reactions of 
oxalic acid and of oxalates have been studied in the course of 
volumetric analysis. Refer to Experiment 7 of that course. 
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Experiment 30.-Lactic Acid, CH3CHOHCOOH.-This acid 
is one of the simplest hydroxy-acids. Note its viscosity and 
compare it with that of glycerol. 
(a)  Sulphuric Acid Test. Heat about 1 ml. of lactic acid 
cautiously with 1 ml. of concentrated sulphuric acid. Note the 
result. Most organic substances produce dark carbon or tarry 
matter if heated with concentrated sulphuric acid. 
( b )  Iodoform Test. Carry out the iodoform test as described 
in Experiment 14 ( d) substituting lactic acid for ethyl alcohol. 
The yield of iodoform is not good. Write ( idealised) equations 
for the reactions that presumably occur. The general theory 
of these tests is given in the text-book of organic chemistry. 
( c )  Ferric Chloride Test. Dissolve 2 drops of lactic acid 
in 5 ml. of water. Add 2 or 3 drops of ferric chloride solution 
and note the yellow colour produced. The colour is discharged 
on adding 1 ml. of dilute hydrochloric acid. 
( d )  Uffelmann's Test. Dissolve a small fragment of phenol 
in about 2 mls. of water and add 1 drop of ferric chloride 
solution. A purple colour is produced. Add 1 drop of lactic 
acid and the colour changes to yellow. 
Experiment 31.-Tartaric Acid.-Repeat tests (a) ,  ( b ) , ( c ) ,  
and ( d )  as for lactic acid in Experiment 30. 
( e )  Preparation of Fehling's Solution. Add sodium 
hydroxide solution to 2 ml. of copper sulphate solution until a 
pale blue precipitate of copper hydroxide is formed. Dissolve 
1 gm. of tartaric acid in 2 ml. of water and add the solution 
to the copper hydroxide. The precipitate is dissolved, giving a 
clear deep-blue solution. 
( f )  Fenton's Test. Dissolve 1 gm. of tartaric acid in 2 ml. 
of water, and add 1 drop of freshly prepared ferrous sulphate 
solution, 2 drops of hydrogen peroxide solution, and then excess 
sodium hydroxide solution. An intense violet colouration is 
produced. 
F. ETHERS 
Diethyl ether, generally known simply as "ether," is by far 
the most commonly used compound of this class. It is a liquid 
boiling at 34 ° under atmospheric pressure. It gives off at room 
temperature a high concentration of inflammable heavy 
vapour which forms explosive mixtures with air. Ether does not 
mix readily with water, but floats on it. Therefore ether fires 
are not easily extinguished by flooding with water, which only 
>;._perses the burning ether. Danger from fire can be avoided 
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only by using not more than a few ml. of ether at any one time, 
and by turning out the gas burner. 
It is useless and also dangerous to attempt to heat eth·er 
on account of the low boiling-point. 
Experiment 32.-(a ) Solubility in Water. To a few ml. of 
water add ether drop by drop shaking after each drop. Note 
whether any ether dissolves in water, and also note what happens 
when more than a few drops of ether are added to the water. 
( b )  Solubility in Alcohol. Similarly test the miscibility of 
ether with ethyl alcohol. 
( c )  Solvent Properties. Add a little benzoic acid to 2 ml. 
of ether in a dry test-tube. Note the ready solubility of benzoic 
acid in ether, then pour the solution into a dry beaker. Observe 
the rapid evaporation of the ether and the formation of crystals 
of benzoic acid. 
Owing to its chemical inertness, and its volatility, ether is 
a common solvent and extracting agent in organic chemistry. 
( d )  Colour with Iodine. To 1 ml. of ether add a few drops 
of an iodine solution, and shake. A brown colour is produced. 
This is used to distinguish ethers from hydrocarbons, in which 
iodine gives purple solutions. 
( e )  Preparation. Add about � ml. of concentrated sulphuric 
acid to 2 ml. of ethyl alcohol in a test-tube. Shake gently. The 
mixture becomes warm and may boil a little. Now heat over an 
exceedingly small flame until boiling just begins. Note the 
odour of ether. Cool the test-tube under the tap and pour the 
contents into water. Again observe the odour of ether. Write 
equations for the reactions by which ether is produced in this 
test. 
The proportions of alcohcl and sulphuric acid given under 
heading ( e ) are about right. Do not vary them greatly. The 
quantity of ether produ ced is so small that there is no danger 
of fire . 
G. CHLORqFORM 
This is one of the best known of the simpler, highly 
halogenated aliphatic compounds. Its properties and reactions 
are typical of its class. 
Experiment 33.- (a ) Properties. Note the low viscosity, 
high density, volatility, r!Ild characteristic odour of chloroform. 
Pour a few drops on asbestos gauze, apply a light and note 
that chloroform does not ignite. 
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( b )  Solvent Properties. Add to 1 ml. of chloroform in a 
dry test-tube a few drops of peanut-oil or a few fragments of 
paraffin-wax. Note that chloroform is a good solvent for this 
class of compound. 
( c )  Solubility in Water. Add a few drops of chloroform 
to a few ml. of water. Shake and note the low solubility of 
chloroform in water. 
( d )  Preparation. Obtain a few crystals of chloral hydrate 
CCl3CH ( OH ) 2 • Note the unpleasant acrid odour of this com­
pound. Add a few ml. of bench-bottle sodium hydroxide, shake 
the test-tube and observe that chloroform, recognisable by its 
smell, is rapidly produced. Write an equation for this reaction. 
( e) Isocyanid'e (or Carbylamine) Test. Pour into a test­
tube 2 drops only of chloroform, 2 drops only of aniline, 
C6H5NH2 , and 2 ml. of a solution of sodium hydroxide in alcohol. 
Heat very gently under the draught with a very small flame, 
until the preparation just boils. Smell the evolved vapour very 
cautiously. Phenyl isocyanide, C6H5NC, is evolved. It has a 
most offensive smell and is a poison. Stand the test-tube in 
water to cool it, add 3 ml. of concentrated hydrochloric acid to 
decompose the isocyanide and after a few minutes pour the 
liquid down the plug-hole of the sink with the tap turned on. 
Write equations for the various reactions. 
The isocyanide test is a general one for primary amines, 
and is also a test for chlorofo.rm. All volatile isocyanides have 
the same offensive smell. 
· 
H. NITROGEN COMPOUNDS 
Experimeilt 34.-Aniline ( C6H5NH2 ) .-This compound is 
the best known amine. It is a primary amine. 
( a )  Solubility. To a few ml. of water add aniline drop by 
drop, shaking after each drop.  Note the limited solubility in 
water. Test with litmus and note the absence of strong alkaline 
reaction. (This is characteristic of aromatic amines . Aliphatic 
amines have much more strongly basic properties. ) 
( b )  Salt Formation. After a second liquid phase has 
formed add concentrated hydrochloric acid drop by drop. Note 
that the aniline phase rapidly dissolves owing to salt-formation. 
Experiment 35.-Acetamide. ( a ) Solubility. Note the 
deliquescent character and high solubility in _water of aceta­
mide. Observe the odour ( due to impurity) .  
( b )  Hydrolysis by Sodium Hydroxide. To 1 ml. of a 
solution of acetamide in water add 2 ml. of bench-bottle sodium 
hydroxide and boil. Test for ammonia in the escaping steam'. 
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( c )  Hydrolysis by Acid. To 1 ml. of a solution of acetamide 
in water add 1 ml. of concentrated hydrochloric acid. Boil and 
note the odour of acetic acid ·· in the escaping steam. Write 
equations for reactions ( b )  and ( c ) .  
Experiment 36.-Urea CO (NH2 ) 2• Hydrolysis by Sodium 
Hydroxide. Add to a few crystals of urea in a test-tube . about 
2 ml. of a 30 % solution of sodium hydroxide ( not bench­
reagent ) .  Boil cautiously and test for ammonia in the escaping 
steam. Write an �quation for the reaction. Note that urea is 
not as easily hydrolysed as acetamide. 
( b )  Biuret Reaction. Heat a few crystals cf .. rea in a dry 
test-tube over a very small flame. Note that the urea melts, 
that ammonia is evolved and that a solid product, biuret, is pro­
duced. The reaction is represented by an equation 
2CO (NH2) 2 -?- H2NCONHCONH2 + NH3• 
Cool the test-tube, dissolve the biuret in sodium hydroxide 
solution, and add one or two drops of 1 % copper sulphate 
solution. Note the characteristic mauve colour-test. 
I. ESTERS 
Examples of ester formation have been met in Experiments 
13 ( c ) ,  14 ( c ) , etc. The action of caustic soda on an ester 
usually produces the sodium salt of the acid from which the 
ester is derived and liberates the alcohol. 
Experiment 37.-Hydrolysis- by Alkali. Add 20 ml. of 
bench-bottle sodium hydroxide to 1 ml. of methyl salicylate. 
Boil the mixture very gently in a small flask under the draught­
flue until any solid matter which forms has disappeared. Cool 
and add 5 ml. of concentrated hydrochloric acid. Filter off the 
precipitate of sparingly soluble salicylic acid. Let the precipitate 
drain as well as possible, then remove it from the paper with a 
spatula as completely as you can , add to it a few ml. of water, 
heat to dissolve the salicylic acid, cool again and filter off the 
crystals of the acid. Dry a sample on blotting-paper, then in 
air or in a desiccator according to weather conditions, and 
determine the melting point. 
INTRODUCTORY BIOCHEMISTRY 
The exercises described in this section will be understood 
much better if the chapters in the text-book on · proteins and 
amino-acids, fats, and sugars and carbohydrates are read before 
the practical class periods. Only a minimum of explanatory 
detail can be inc_luded in the laboratory notes. 
Some of the tests to be carried out involve colour reactions, 
which, though characteristic, are not fully understood 
chemically, and for which no equations can be written. Such 
tests have been worked out chiefly on an empirical basis. 
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PROTEINS AND AMINO-ACIDS 
The proteins are very complex substances of animal and 
vegetable origin, all of which contain nitrogen in · considerable 
proportion and many of which also contain sulphur in small 
amounts. Both elements are readily detectable by the Lassaigne 
test (page 35) . 
Experim'ent 1.-Lassaigne Test.-Perform the Lassaigne 
test for nitrogen and sulphur with a scrap .of sheep's wool, or 
of human hair, or with a little egg powder, all of which are of 
protein character. 
It is believed that the proteins are built up largely from 
relatively simple crystalline substances called amino-acids. The 
simplest of the amino-acids is glycine, which has the formula 
NH2CH2COOH. This amino-acid and others of its class form 
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salts with strong acids because they contain the NH2 group and 
form salts with strong bases because they contain the COOR 
group. They are described as amphoteric or amphiprotic sub­
stances. The accepted formulae and the names of a few . other 
typical amino-acids appear in Fig. 8, in which benzene rings are 
shown in conventional outline only. 
In proteins the amino-acid molecules are believed to be 
condensed together in large numbers by elimination of water 
from the amino-group of one molecule and the carboxyl group 
of the next. Many molecules of various kinds may join 
together in this way, the process being illustrated by the 
following formula for a hypothetical protein, derived from an 
indefinite number of molecules of glycine. 
NH2 - CH2 - CO - . . . - NH - CH2 - CO - . . . 
- NH - CH2 - COOR. 
Such a structure would have an NH2 group at one end and a 
COOR group at the other and would still be amphoteric, 
although of high equivalent weight. If, however, the structure 
were built up partly from ( say) arginine, which has two NH2 
groups for each COOR, and partly from glutamic acid, which 
has two COOR groups for each NH2, it is easy to understand 
that both groups could be of comparatively frequent occurrence 
in the complex molecule, which would then exhibit pronounced 
amphoteric character. 
Experiment 2.-Amphoteric Nature. Staining of Proteins.­
Perform the following tests to demonstrate the amphoteric 
character of wool :-
( a ) Place a fragment of wool in a test-tube and damp it 
with a few drops of concentrated ( glacial ) acetic acid. Add 
5 ml. of the solution of the dye eosin provided for you. Allow 
the preparation to stand for a few minutes, then wash out the 
excess of the dye thoroughly with water. The wool will be dyed 
pink. 
Repeat the test, using a solution of methylene blue instead 
of eosin. The wool will not be dyed by the methy1ene blue. 
( b )  Repeat these tests, damping the wool with ammonia 
solution from the bench bottle instead of with acetic acid. The 
eosin will not dye the wool, but the methylene blue will do so.  
When the wool is treated with an acid the NH2 groups of 
the complex molecules are believed to unite with hydrogen ion 
ru • .ning positive ions analogous to ammonium ion ( NH4+ ) .  
These positive ions attract negative ions .and combine with or 
absorb them. Eosin, an acid dye, furnishes highly coloured 
negative ions which can attach themselves to the wool and dye 
56 
it. On the other hand, the coloured ions of methylene blue are 
positively charged and are not attracted to the wool in acid 
solution. 
Interpret similarily the reverse behaviour in alkaline 
solution .  
Experiment 3.-Reactions of Particular Amino-acids.­
The proteins in general exhibit special reactions characteristic 
of the particular amino-acids from which they are built up and 
into which they can be converted by hydrolysis. Egg albumin 
in ten per cent. aqueous solution is supplied for experiment. 
This protein gives tests for a variety of amino-acids. 
( a) Xanthoproteic Test for Aromatic Amino-acids ( Nitra­
tion Test ) .  Add 1 ml. of concentrated ( not bench reagent ) nitric 
acid to 2 ml. of albumin solution. Note the formation of a 
white precipitate, ?.nd observE: that this becomes yellow on heat­
ing. Cool, pour a few drops of the preparation into another 
test-tube and add ammonia. The yellow colour becomes deeper 
and more intense. 
Refer back to the nitration of benzene ( page 40 ) .  
Benzene derivatives in general are nitrated by nitric acid, some 
of them very easily. The nitro-compounds are usually yellow, 
and if NH2 or OH groups are also present the colour is often 
more intense. It becomes still deeper if phenolic OH groups 
react with alkali. The above tests, therefore, show that aromatic 
amino-acids take part in the building up of egg-albumin. Refer 
to Fig. 8. 
Yellow nitric acid stains on the skin or on the nails are 
due to the same reaction, and the colour of these stains is 
intensified by ammonia. 
For further illustration a very dilute solution of para­
nitrophenol is provided. If this solution is acidified it is colour­
less. With alkali it becomes bright yellow. It can be used as an 
indicator in titrations. 
· 
( b )  Millon's Test ( Mercuric Nitrate Reaction) ( i )  With 
Phenol. Add a few drops of Millon's reagent to a crystal of 
phenol and warm gently. Note the appearance of a red colour. 
( ii )  With Tyrosine. Add a few drops of Millon's reagent 
to 2 ml. of albumin solution.  Put the test-tube in hot water 
and observe that the precipitate at first formed develops a red 
colour. 
Millon's reagent is made from mercury and nitric acid. 
It · gives a red colour with phenolic compounds in general. 
Tyrosine is the only known phenolic amino-acid obtained from 
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proteins, and test ( b ) is therefore regarded as an indication 
that this substance takes part in building up certain protein 
molecules. 
( c )  Test for Sulphur ( Cystine and Cysteine) . Add 2 ml. 
of 20 per cent. ( not bench-reagent ) sodium hydroxide solution 
to 2 ml. of albumin. Put in one drop of bench lead acetate and 
boil. The preparation darkens owing to separation of lead 
sulphide. 
Cystine and cysteine, two of the three sulphur-containing 
amino-acids of proteins, are hydrolysed by concentrated caustic 
alkali giving sulphide ions which may be detected by the forma­
tion of lead sulphide. The third sulphur-containing amino-acid, 
:methionine, is not hydrolysed under these conditions. 
( d) Biuret Reaction. To a few ml. of albumin add about 
the same volume of bench sodium hydroxide. Then put in one 
drop of the very dilute (1 per cent. ) copper sulphate solution 
provided. Note the colour produced. 
Refer back to the biuret test (page 53 ) ; repeat the test 
if desired and note the similar colour. Compare the formula 
of biuret with the formula of the hypothetical protein given in 
these notes. The biuret test is characteristic of substances which 
contain more than one CONH-group, provided that the CONH 
-groups are close .together in the molecule. The grouping 
CONH2 may be regarded as CONH-attached to hydrogen. 
( e )  Sakagu<ihi's Test for Arginine. Add 1 ml. of bench 
sodium hydroxide to 3 ml. of albumin solution. Then add 2 drops 
only of a 1 per cent. solution of alpha-naphthol in alcohol, 
followed by a few drops of sodium hypochlorite solution. Mi:x: 
by shaking and observe the production of a red colour. 
This test is given by proteins in which arginine contributes 
to the molecular structure. 
(f )  Formaldehyde Test for Tryptophane. Add to 1 ml. of 
albumin 2 drops only of 0.1 per cent. formaldehyde, followed 
by 1 drop of 10 per cent. mercuric sulphate solution. Mix by 
shaking and observe the production of a purple colour. If the 
colour is slow in appearing add concentrated sulphuric acid drop 
by drop. 
This test is given by proteins in which tryptophane contri­
butes to the molecular structure. 
Experiment 4.-Precipitation of Proteins.-Some proteins 
such as keratin ( hair, skin, nails ) are insoluble in water ; others, 
such as egg-albumin, are soluble, or at any rate are capable of 
collodial dispersion. The molecular weight is very high and is 
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believed in many cases to be of the order of 50,000. Those 
proteins which can be dispersed in water may be precipitated 
in various ways, which are illustrated by the tests given below. 
This precipitation is often irreversible, and its mechanism is 
very imperfectly understood. However, the effect is applied in 
practice in the cooking of eggs, in the employment of tannic 
acid in treating burns, in testing for albumin in body fluids, in 
the clarification 0f cane-juice by lead acetate prior to polari­
metric estimation of sugar in the juice, and in the adminis.::­
tration of egg-white as an antidote if mercury or lead salts are 
swallowed. The poisonous metallic radicle is precipitated with 
the protein and rendered insoluble. The following tests illustrate 
reactions of this class :-
(a ) Boil a solution of egg-albumin. Note that the protein 
is precipitated and that it does no redissolve on cooling or on 
further dilution. 
(b )  To 2 ml. of egg-albumin solution add about 4 ml. of 
ethyl alcohol. Note the result, and observe what happens when 
water is added. 
( c ) To 2 ml. of egg-albumin solution add 2 ml. of concen-
trated nitric acid and mix the liquids. Note the result and 
observe what happens when water is added. Do not heat. 
( d) To 2 ml. of egg-albumin solution add mercuric chloride 
solution drop by drop. Observe the formation of a precipitate 
and note that it is not redissolved by diluting with water. 
( e) Repeat this test, using zinc sulphate solution and lead 
acetate solution instead of mercuric chloride. 
(f )  To 2 ml. of albumin solution add a few drops of dilute 
hydrochloric acid. Then add a solution of picric acid. Note what 
happens. 
( g )  Repeat this test, using tannic acid instead of picric 
acid. 
In tests ( f) and (g)  the positive ion formed by union of 
the protein with hydrogen ion is believed to unite with the 
anion of the precipitating acid. 
Experiment 5. - Estimation of Amino-Acids (Formol 
Titration) .-An amino-acid such as glycine cannot be estimated 
by direct titration with standard alkali solution, due to its very 
weakly acid character. However, if the amino-acid is first 
treated with a neutral formaldehyde solution, the amino­
radical condenses with formaldehyde, and the resulting much 
more strongly acid compound can be titrated. 
H2CO + + H3NCHRCOO- ___,.. H2CNCHRCOOH + H20. 
Obtain samples of glycine solution in two clean beakers, 
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add several drops of phenolphthalein, then add very dilute 
sodium hydroxide carefully until the solution is just faintly 
pink. Take 10 mls. of formalin, add 1 ml. of phenolphthalein, 
and again add dilute sodium hydroxide until the solution is just 
faintly pink. Now add the neutralised formalin to the glycine 
solution. The mixture becomes colourless since a definitely acid 
carboxyl group is now present. Titrate with .2N carbonate-free 
sodium hydroxide until the pink colour is just restored. 
Calculate the glycine content of the solution in grams per litre. 
CARBOHYDRATES 
The carbohydrate group of compounds includes substances 
of comparatively low molecular weight, such as glucose and 
other sugars, as well as high polymers such as starch and 
cellulose. It is possible to convert the latter class of substance 
to sugars. There are certain general tests which are given 
by carbohydrates and not by other compounds. 
Experiment 6.-Reactions Involving Furfural.-(a)  Produc­
tion of Furfural. Carry out the following experiment as a 
preliminary exercise :  Set up a distillation apparatus (see page 
29 ) ,  placing an unbored cork in the neck of the distilling 
flask, since no thermometer is needed. Put about 3 grams of 
bran in the flask, together with about 20 ml. of water and 
10 ml. of concentrated hydrochloric acid. Distil gently and 
preserve the distillate. Do not continue heating long enough 
to carbonise the residue in the flask. 
The distillate contains an aldehyde, furfural, the struc­
tural formula of which is given in the text-books. Furfural 
or related substances are also produced from carbohydrates in 
the Molisch, Dreywoo<\ and thymol tests about to be described 
and are responsible for the colour-reactions in these tests. The 
carbohydrates in bran produce furfural particularly easily. 
( b ) Molisch's Test for Carbohydrates. Add to few ml. 
of dilute cane-sugar solution about 2 drops of 20 per cent. 
alpha-naphthol solution. Holdi_ng the test-tube in a sloping 
position pour in about 2 ml. of concentrated sulphuric acid 
very slowly. (It is best to take a little of the acid in a dry 
beaker. ) A violet colour develops at the interface between 
the heavy acid and the aqueous solution. 
Repeat the �est with starch solution and with the distillate 
containing furfural. 
( c )  Thymol Test. Add to a few ml. of a cane-sugar 
solution about 3 drops of a 3 per cent. solution of thymol 
followed by 5 ml. of concentrated hydrochloric acid and a little 
solid sodium chloride. Mix by shaking gently and heat slowly 
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over a very low flame. Notice the appearance of a red colour. 
Repeat the test with starch solution and with the distillate 
containing furfural. · 
( d )  Dreywood's Anthrone Test. To about 2 ml. of sugar 
solution add about twice its volume of a 0.2 per cent. solution 
of anthrone in 95 per cent. sulphuric acid. Stir with a glass 
rod and observe that the preparation becomes warm and 
develops a deep-blue colour. 
Repeat the test with starch solution, with a scrap of filter­
paper in 2 ml. of water, and with a few drops of furfural 
solution diluted to 2 ml. with water. 
Dreywood's test is of recent introduction. It is claimed to 
be specific for the carbohydrate group of compounds and to be 
given by any carbohydrate. For satisfactory results the 
preparation must become warm, but should not be subjected to 
external heating. The dilution of the sulphuric acid provides 
sufficient heat. 
Anthrone is derived from anthraquinone by reduction of 
one CO group to CH2 • · Refer to the text-book for the formula 
of anthraquinone. 
The chemistry of sugars is extensive and complex, and 
many of the isomers differ from one another only in the 
arrangement of asymmetric carbon atoms. An introductory 
account of the sugar group is given in Conant and Blatt "The 
Chemistry of Organic Compounds," Chapter 15. Only a few 
sugars, namely glucose, fructose, sucrose ( cane-sugar) ,  
maltose, and lactose (milk-sugar) ,  are studied in the present 
course, and only a few characteristic reactions are to · be 
carrled out. 
Experiment 7.-Special Reactions. - (a)  Reduction of 
Fehling's Solution (see page 44) . Mix a few ml. of a 
solution of glucose in water with about the same volume of 
Fehling's solution and stand the test-tube in boiling water. 
Observe the appearance of cuprous oxide which may exhibit 
various shades of colour ; it is usually reddish. 
Repeat the test with each of the other sugars and note 
that no rapid reduction of the Fehling's solution takes place 
when sucrose is used. 
( b )  Reaction with Benedict's Solution. Benedict's solution 
is similar to Fehling's solution. It contains citrate instead of 
tartrat:e and it keeps much longer. It is supplied as one solution '-.. 
only ready for use. 
Proceed with each sugar e:xactly as with Fehling's solution 
and observe the similar results. 
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( c) Rapid Furfural Test. If in Molisch's test ( see page . ) 
concentrated hydrochloric acid is used instead of sulphuric 
acid, the violet colouration is produced at different rates 
according to the carbohydrate used. 
To 1 ml. of a 1 per cent. glucose solution, add 1 drop of 
a 20 per cent. alpha-naphthol solution and the 6-8 mls. of con­
centrated hydrochloric acid, and boil. 
Repeat the test with each of the other sugars and note 
that in the case of sucrose and fructose a violet colouration 
is produced immediately the solution starts to boil. In the 
case of the other carbohydrates the colouration is delayed and 
may not be produced until a short period of boiling ( about 
one minute ) .  
(d ) Reaction with Barfoed's Solution. Boil 2 mls. of 
Barfoed's solution and add 10 drops of glucose solution slowly. 
Keep the Barfoed's solution boiling continuously. The glucose 
is oxidised giving a faint red precipitate of cuprous oxide. -
Repeat the test with each of the other carbohydrates. 
Barfoed's solution is reduced by all monosaccharides, but not 
by disaccharides. 
Barfoed's solution is a one per cent. solution of cupric 
acetate. 
(e) Formation of Osazones with Phenyl-hydrazine. 
( i ) To about 2 ml. of the 20 per cent. glucose solution pro­
vided add about 3 ml. of a solution of phenyl-hydrazine in dilute 
acetic acid. Mix by shaking and put the test-tube in a beaker 
in which some water is kept boiling gently. Put a grooved cork 
loosely into the test-tube and mark the cork in some dis­
tinguishing way, Keep the preparation hot for about 40 
minutes, then allow to cool slowly. 
Repeat with a 20 per cent. solution of fructose.  
( ii ) Repeat the test with 20 per cent. solutions of sucrose , 
maltose , and lactose, but add only about 1.5 ml. of phenyl­
hydrazine acetate solution for each 2_ ml. of the sugar solution. 
In each case, except that of sucrose, note carefully when 
crystallisation of the yellow osazone occurs, and observe that 
sucrose gives no osazone.  
( iii ) After the osazone preparations have cooled put a 
drop of each on a microscope-slide and examine the osazone 
crystals with one of the small microscopes provided for you. 
Do not bring the objective into contact with the preparation. 
Note the characteristic appearance of the crystals in each 
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case ; sketch them in your notebook, and observe that glucose 
and fructose give the same osazone. 
( f) Hydrolysis or "Inversion" of Sucrose. To about 2 ml. 
of sucrose solution add 1 ml. of dilute hydrochloric acid. Place 
the test-tube in boiling water for at least five minutes. Then 
add 2 ml. of bench sodium hydroxide and a little Fehling's 
or Benedict's solution. Continue the heating and observe what 
happens. 
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The effect of the hydrochloric acid is to catalyse a reaction 
of sucrose with water producing glucose and fructose. 
Now examine the graphic formulae in Fig. 9. Remember­
ing that phenyl-hydrazine can condense with a CO group and 
c? - -- move two atoms of hydrogen from the CHOH or CH20H 
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group next to the CO, write equations for osazone formation in 
each of the cases in which such compounds are produced. 
Similarly, in view of the properties of the aldehyde group CHO 
write equations for the oxidation of glucose, maltose, and lactose. 
Note how the graphic formula for sucrose is designed to repre­
sent the experimental facts that sucrose forms no osazone and 
that it is not a pronounced reducing agent. Fructose can assume 
no aldehydic configuration, and loses two carbon atoms when it 
is oxidised by Fehling's solution. The graphic formula for suc­
rose also shows how this sugar is regarded as a condensation 
product of glucose and fructose. Maltose and lactose differ from 
one another only in stereo-chemical configuration, and apart 
from this difference one formula suffices for both. 
Starch is an example of a carbohydrate of high and unknown 
molecular weight. The empirical formula is C6H1005• It is 
apparently built up by condensation together of maltose mole­
cules with loss of water and it can be converted to maltose by 
action of certain enzymes. The action of acids on starch carries 
the conversion further, the maltose ( C12H22011 )  being converted 
to glucose by the acid. During the conversion of starch into 
sugars intermediate substances, less complex than the starch 
but still of high molecular weight, are formed. These are called 
dextrins. . They give various colours, including red, with iodine, 
whereas starch gives the we!l-known deep blue. 
Experiment 8.-Hydrolysis of Starch.-( a) Make a paste of 
about 3 gm. of powdered starch and about 10 ml. of water. Pour 
this paste into about 120 ml. of boiling water and stir well. Keep 
the water hot but do not allow it to boil vigorously, since the 
starch solution formed has a tendency to foam. 
( b )  Add a small quantity of this starch solution to about 
the same volume of Fehling's solution or Benedict's solution. 
Place the test tube in boiling water, and note that no
· rapid for­
mation of cuprous oxide occurs. 
(c )  Mix about 2 ml. of dilute hydrochloric acid with about 
the same volume of starch solution. Place the test tube in boil­
ing water and leave it for about a quarter of an hour. Then add 
about 2 ml. of sodium hydroxide and 2 ml. of Fehling's or Bene­
dict's solution. Mix the liquids and replace in the boiling water. 
Observe that rapid reduction of the cupric compounds occurs. 
(d) The hydrolysis of starch by enzymes is shown by the 
following experiments :-
( i )  Hydrolysis by Diastase. A malt-extract containing 
diastase is provided together with a 1 per cent. iodine solution in 
dilute potassium iodide. Clean a number of test-tubes and put 
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into each a few ml. of water and one drop of the iodine solution. 
Put about 50 ml. of your starch solution in a beaker and adjust 
its temperature to about 65° C. , then put it in an evaporating­
basin containing some water at the same temperature. Keep the 
temperature. as steady as you can. Add about 2 ml. of malt­
extract to the starch solution and mix. Remove about 1 ml. of 
starch solution at once and run it into an iodine sample. Then 
at intervals of about 5 minutes remove and treat similarily other 
1 ml. samples. Note the colour given by the iodine with the 
sample. When the colour becomes faint remove a final sample 
and test it for reducing properties by heating with Fehling's or 
Benedict's solution. 
The directions given are approximate only. If the hydrolysis 
is too fast or too slow for convenient work alter the quantity of 
malt extract accordingly. 
(i.i) Hydrolysis by Ptyalin or Amylase. Obtain a solution 
of ptyalin or salivary amylase as follows .  Heat some rain-water 
to about 40° ,  and use some of this water to rinse out the mouth. 
Then hold about 20 ml. of the warm water in the mouth for a 
few minutes and allow to mix thoroughly with saliva. Collect 
the liquid in a beaker and ffter it. Mix about 20 ml. of your 
starch solution with about 30 ml. of water and about 10 ml. of 
1 per cent. sodium chloride solution. Bring the temperature to 
about 40° C. and stand the beaker in water in an evaporating 
dish kept at the same temperature. Add the diluted saliva 
warmed to 40° C. and then proceed as in the previous experiment. 
The activity of saliva is increased by the presence of 
chloride ; it is considerably variable, and therefore the above 
directions are to be regarded as approximate only. 
FATS AND OILS 
The chemistry of fats and oils is dealt with in the pre­
scribed text-books of organic chemistry, and should be studied 
in conjunction with this exercise. A few points may be 
recapitulated here :-
(1) Fats are usually mixtures of similar compounds, 
namely esters, formed by carboxylic acids with glycerol. The 
carboxylic acids are usually of high molecular weight. 
( 2 ) Free acids may occur in fats. 
( 3 ) Some oils, such as olive-oil a.."ld linseed-oil, are similar 
in composition to the fats. 
( 4 )  These oils usually contain a large proportion of glycerol 
esters of unsaturated acids, such as oleic acid. 
In general, therefore; the fats and oils may be expected to 
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show the properties of esters, of acids, and of unsaturated 
substances. 
Experiment 9.-Properties of Fats. ( a) Physical Proper­
ties. Test the solubility of a very small portion of the fat 
provided in a few ml. of (a)  water, ( b )  ethyl alcohol, ( c ) ether. 
Try the effect of gently heating in tests ( a )  and ( b ) ,  but do 
not attempt to heat the ether on account of the risk of fire. 
( b )  Unsaturated Compounds in Fats. Add a small portion 
of fat to a solution of bromine in carbon tetrachloride or in 
chloroform and observe the reaction. Refer to test 4 (b) , page 
48, and interpret your result. 
( c )  Saponification or Hydrolysis of Fats. A solution of 
sodium hydroxide in alcohol is provided. Add a small piece of 
fat to a few ml. of water in a beaker or test-tube and then 
pour in a few ml. of the solution of sodium hydroxide in 
alcohol. Heat the mixture very cautiously over a low flame 
with gentle stirring or shaking until the fat disappears. Notice 
that a soap is formed as shown by the ready frothing of the 
liquid. 
( d ) Formation of an Ester from Glycerol. Mix together 
in a clean dry test-tube 1 ml. of glycerol, 2 ml. of acetic 
anhydride and a fragment of zinc chloride. Put a grooved cork 
loosely in the mouth of the test-tube and stand it for an hour 
in a beaker in which some water is kept just at the boil. Then 
cool the test-tube and add a solution of sodium hydroxide a few 
drops at a time, shaking and cooling after each addition, until 
glyceryl triacetate ( triacetin ) separates out as an oil. 
Write an equation for the reaction, ignoring the zinc 
chloride, and note that triacetin is a substance analogous to a 
fat. Excess sodium hydroxide is to be avoided, since it might 
saponify the triacetin. 
Experiment 10.-Determination of the Acid-valu'e of a Fat 
or Oil (i .e . ,  the amount of free fatty acids in a fat or oil ) . The 
acid-value of a fat is defined as the number of milligrams of 
potassium hydroxide ( K = 39 ) required to neutralise the acids 
in one gram of the fat or oil. Peanut or other oil is provided 
for this test. 
Weigh a beaker or small flask correct to the nearest tenth 
of a gram.Put about 5 ml. of the oil in the weighed vessel and 
find the weight again to the same degree of accuracy. The 
beam-balances may be used ; but care must be taken not to get 
any oil on the pans. 
Take about 20 ml. of ethyl alcohol in another beaker and 
fill a burette with the standard sodium hydroxide solution pro-
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vided. Add a few drops of phenolphthalein solution to the 
alcohol and run in the sodium hydroxide solution drop by drop 
till a faint pink colour appears in the liquid. Avoid any excess 
sodium hydroxide. This procedure eliminates any error due 
to acid impurities, such as acetic acid, in the alcohol. 
Add the alcohol to the oil. Neglect such portion of the 
alcohol as remains in the beaker, since the alcohol functions 
only as a solvent. Then run in standard sodium hydroxide 
from the burette with constant shaking or stirring until a 
faint pink colour, lasting for a minute or two, is obtained. 
Calculate the acid value of the oil. 
The oil does not mix in all proportions with alcohol, par­
ticularly when water is also present. However, the acids pass 
gradually from the oil phase into the alcohol phase and 
neutralisation proceeds in the latter to ultimate completion. 
Note that the pink colour appears in the alcohol phase. 
Glassware soiled by fat and oil can be cleaned internally 
by boiling a little aqueous sodium hydroxide solution in it, 
and externally by wiping with a cloth wetted by alcohol. 
IDENTIFICATION OF ORGANIC COMPOUNDS 
This subject is of some importance ; and detailed schemes 
have been devised for recognising almost any organic sub­
stance. The work is often facilitated by observation of the 
melting-point or boiling-point of the compound and also by 
general tests for certain classes of substance, such as primary 
amines, acids,  and so on. 
Substances given out for identification are selected from 
the following list :-
methyl alcohol chloral hydrate acety 1-salicy lie acid 
ethyl alcohol chloroform acetic acid 
glycerol iodoform formaldehyde 
phenol formic acid benzaldehyde 
alpha-naphthol oxalic acid acetanilide 
acetone lactic acid aniline 
naphthalene benzoic acid lactose 
urea salicylic acid maltose 
acetamide sulphanilic acid sucrose 
starch 
Experiment 11.-Reactions of some Miscellaneous Organic 
Compounds. 
The characteristic properties and reactions of many of the 
compounds in the above list are described in previous pages, 
to which reference should be made when necessary. The 
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following notes and tests serve to supplement this informa­
tion :-
(a) Alpha-mtphthol, C10H70H, is a solid substance with 
melting-point 95° .  It is similar to phenol in its properties. 
For instance, it is a very weak acid, sparingly soluble in water ; 
on account of its acidic character it dissolves much more easily 
in sodium hydroxide solution. 
Perform the following test : Dissolve a small quantity of 
alpha-naphthol in 30 per cent. sodium hydroxide solution ( not 
the bench reagent) .  Add about 1 ml. of chloroform and warm 
very gently over a very low flame. Observe the development 
of a blue colouration changing later to brown. 
( b )  Acetamide, CH3CONH2, is a colourless solid, readily 
soluble in water. Owing to the presence of some impurity it 
usually ,has a smell like that of mice. 
Perform the following test : Add to a small quantity of 
acetamide a few ml. of bench sodium hydroxide solution and 
boil gently. Note the odour of ammonia. 
Acetamide may be distinguished if necessary from urea 
by this test, since urea is hardly hydrolysed at all by heating 
with dilute sodium hydroxide solution. A further distinction 
is the fact that acetamide does not give the biuret test (page 
53 ) .  
( c )  Chloral hydrate is a white solid, easily soluble in water. 
It has an unmistakable acrid smell. 
Perform the isocyanide or carbylamine test ( page 52 ) , 
using chloral hydrate instead of chloroform, and write 
equations for the reactions that occur. 
( d ) Chloroform. Refer to the note on alpha-naphthol. 
Perform the following test : Dissolve a little resorcinol, 
C6H4 ( 0H) 2 , in a few ml. of 30 per cent. sodium hydroxide 
solution. Add about 1 ml. of chloroform, warm very gently and 
observe that a red colour is developed. 
( e )  lodoform is a bright yellow solid with a characteristic 
smell. 
Perform the following test :-Heat a few flakes of iodoform 
in a dry test tube. The iodoform decomposes and produces the 
characteristic violet vapour of iodine .  
(f)  Acetyl-salicylic Acid (Aspirin) i s  very sparingly soluble 
in water. When pure it gives no colour with ferric chloride solu­
tion. 
Perform the following test :-Add about 2 ml. of methyl 
alcohol and a few drops of concentrated sulphuric acid to a little 
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acetyl-salicylic acid. Warm very gently over a low flame, then 
pour the liquid into water. Note the odour and write equations 
for the reactions which occur. 
( g )  Acetanilide, C6H5NHCOCH3, is a colourless solid 
sparingly soluble in cold water. This sparing solubility dis­
tinguishes it at once from urea and from acetamide. It does not 
give the biuret test. 
Perform the isocyanide test (page 52) ,  using acetanilide in 
place of aniline and interpret your result. 
( h )  Sulphanilic Acid, NH2C6H4S03H, is a colourless crystal­
line substance sparingly soluble in cold water. It cannot be 
melted without decomposition. 
C arry out the following preparation :-Add 2 ml. of bench 
sodium carbonate solution to a very little powdered sulphanilic 
acid and warm. Then put in about three drops of 20 per cent. 
sodium nitrite solution. Shake and cool, preferably in ice-water. 
After a few minutes add 3 ml. of dilute HCI , shake and allow to 
stand a further few minutes in ice-water. In another test-tube 
dissolve one drop of dimethyl-aniline in a few drops of dilute 
hydrochloric acid.  Add the contents of the second test-tube to 
the first. Then put in a few ml.  of bench-bottle sodium 
hydroxide. 
This series of reactions produces the well known indicator­
dye methyl orange. The theory is given in text books of organic 
chemistry, which should be consulted. Write equations for the 
reactions. 
Put a drop of the preparation into some tap water. Then 
add dilute hydrochloric acid drop by drop and observe the 
colour changes. 
( i )  Aniline, C6H0NH2, when pure is a colourless oily liquid 
with a characteristic smell ; most specimens are more or less 
coloured owing to slow oxidation. It is sparingly soluble in 
water in which it sinks. 
Test the solubility of a few drops of aniline in water and 
in dilute hydrochloride acid and explain your results. 
The isocyanide test (page 52) may be performed if desired. 
Add a few drops of aniline to 1 ml. dilute hydrochloric 
acid, then add 2-3 drops of ferric chloride solution. A pale 
green colour develops. 
Experim'ent 12.-Identification of Organic Compounds.­
After the examination of the above substances has been carried 
out some specimens for identification will be supplied. Use 
only a little of the material for each test. 
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Begin by noting the odour of the substance. If there is 
any odour it is probably characteristic enough to enable a 
guess as to the identity of the substance to be made. However, 
many substances ( such as acetanilide ) are odourless. 
The solubility of the substance is next examined. Water, 
having a high dielectric constant, is a good solvent for electro­
lytes, and also for polar substances, if the molecules are not 
too large. For example, amine-salts and carboxylic acids and 
alcohols of low molecular weight dissolve readily in water ; 
carboxylic acids and alcohols of high molecular weight are 
sparingly soluble or insoluble. Hydrocarbons and other non­
polar compounds are insoluble. Compounds that possess 
slightly acidic properties dissolve in dilute sodium hydroxide, 
while the more strongly acidic compounds dissolve in sodium 
bicarbonate solution with evolution of carbon dioxide. Most 
carboxylic acids are sufficiently acidic to displace carbon 
dioxide from bicarbonate solutions ; but most phenols are not. 
However, phenols dissolve in sodium hydroxide solution. 
If the substance is liquid, obviously many of the com­
pounds listed on page 66 are excluded. Try whether the 
liquid mixes in all proportions, sparingly, or not at all with 
water ; test the solution for acidity. If found necessary deter­
mine the boiling-point by Siwoloboff's method. 
If the substance is solid, try its solubility in cold water 
and in warm water and test for acidity. Then, if sparingly 
soluble in water, test the solubility in dilute hydrochloric acid 
and in dilute sodium hydroxide solution. If found necessary 
determine the melting-point. Remember that boiling-point and 
melting-point determinations can often be dispensed with since 
other and easier tests are often quite conclusive. 
If the presence of nitrogen and/or sulphur is suspected 
try the Lassaigne test ( fusion with sodium, page 35 ) .  If 
halogen is thought to be present confirm by Beilstein 's test 
(page 35 ) ,  but remember that urea and some other nitrogen 
compounds also give this test. Since chloroform and chloral 
hydrate explode in contact with hot sodium do not try the 
Lassaigne test if you have any reason to believe that you are 
dealing with these compounds. 
The sugars and starch contain only carbon, hydrogen and 
oxygen, and therefore give no positive Beilstein or Lassaigne 
tests . They are distinguishable by the osazone tests ( page 61 ) 
and by a modification of Molisch's test ( page 61 ) ,  known as 
the "rapid furfural test." Specimens of the osazones of glucose, 
maltose, and lactose will be provided for comparison under the 
microscope with osazone specimens prepared for identification 
of sugars. 
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The possibilities should now have become so restricted 
that individual specific tests may be applied. These tests should 
be familiar from previous work. It may be noted that the 
sugars and starch have no odour or reaction to indicators. 
Benzoic acid and benzoates give a pale buff precipitate with 
ferric chloride. 
pH ESTIMATIONS USING INDICATORS AND BUFFER 
SOLUTIONS 
The theory of buffer solutions and of acid-alkali indicators 
is given in the text-book and in the lectures, and should be 
re-read if necessary in preparation for this exercise. Standard 
solutions of acetic acid, sodium hydroxide, boric acid, and 
potassium dihydrogen phosphate are supplied. Each solution 
contains one-tenth of a gram molecule of so,lute per litre. The 
boric acid solution contains also one-tenth of a gram-molecule 
of potassium chloride per litre, in order to conform to the 
specifications of Clark and Lubs ; but the presence of this 
neutral salt is neglected in the elementary theory of the 
subject. The buffer solutions to be used are prepared from 
appropriate mixtures of these standard solutions in various 
proportions. Their pH values are well known from experimental 
determinations and are reproduced approximately in these 
notes. 
The indicators to be used are methyl red, bromothymol 
blue, and thymol blue. Each is supplied in extremely dilute 
solution, and is to be used in the quantity specified in the 
following instructions. Do not put anything into the indicator 
bottles. 
Each indicator, added in definite concentration to a series 
of buffer solutions of appropriate known pH range exhibits 
characteristic colour gradations. It follows that the pH of 
any other solution of pH within this range may be found by 
adding the same concentration of indicator to it and by com­
paring the colour produced with those of the buffer solutions. 
The pH of the test solution has approximately the same value 
as the pH of that buffer which gives the most nearly matching 
colour when the solutions are viewed under the same con­
ditions. Quite useful results may be found with the simplest of 
apparatus in this way if the test solutions themselves are 
colourless. 
About 3 per cent. of men and a much smaller proportion 
of women are believed to have abnormal or defective colour 
sense. It does not necessarily follow that such people are 
totally incapable of matching colours ; but this exercise may 
serve as a test of colour-vision. 
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Experiment 13.-Thoroughly clean all your test-tubes ( see 
test 1 ( a ) ,  page 43 ) , rinse them with rain-water and allow 
them to drain. Rinse a burette with the sodium hydroxide 
solution supplied, fill it, and measure out into six test-tubes 
the quantities of sodium hydroxide solution specified in Table 1.  
Then using another burette add to each measured quantity of  
sodium hydroxide the volume of acetic acid specified in the 
same table. Shake gently to mix the solutions. Prepare three 
samples of solution ( 3 ) . Add to one of these three samples 
2 ml. of methyl red, to another 2 ml. of bromothymol blue, and 
to the third 2 ml. of thymol blue, and observe the colours pro­
duced. Use the measuring cylinders provided with the 
indicators. Methyl red is fully red at pH 4.2 and below, lemon­
yellow at pH 6.0 and above ; bromothymol blue is yellow at 
pH 6.0 and below, blue at pH 7.6 and above ; thymol blue is 
yellow at pH 8.0 and below, blue at pH 9.6 and above. From 
this information and the colours of your three samples decide 
which indicator to use with your remaining five solutions and 
add 2 ml. of it to each of them. Preserve the solutions. 
TABLE 1 
Sodium hydroxide Acetic acid 
.Solution taken added pH 
ml. ml. 
( 1 )  2.2 7.8 4.4 
( 2 )  2.8 7.2 4 .6 
( 3 )  3.3 6 .7 4.8 
( 4 ) 3.8 6.2 5.0 
( 5 } 4 .2 5.8 5 .2 
( 6 )  4.4 5.6 5.4 
The table gives the approximate pH of each buffer mixture. 
Now measure out into six more clean test tubes the amounts 
of sodium hydroxide specified in Table 2 and add to them from 
another burette the amounts of potassium dihydrogen phosphate 
given in the same table . Make two samples of mixture ( 4 ) and 
test them with the two indicators eliminated in the previous 
experiment. Select the proper indicator to be used and add 2 ml. 
of it to each of the other samples. 
TABLE 2 
Sodium hydroxide Potassium dihydrogen 
Solution taken phosphate added pH 
ml. ml. 
( 1 )  1.7 8 .3 6.6 
( 2 )  2.2 7.8 6.8 
( 3 ) 2.8 7 .2 7.0 
( 4 )  3.3 6.7 7.2 
( 5) 3.8 6.2 7.4 
( 6 )  4 .2  5.8 7 .6 
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Finally measure out the quantities of sodium hydroxide given 
in Table 3 and add to each the quantity of boric acid specified 
together with 2 ml. of the appropriate indicator. 
TABLE 3 
Sodium hydroxide Boric acid 
Solution taken added pH 
ml. ml. 
( 1 )  0.8 9.2 8 .2 
( 2 )  1 .1  8.9 8.4 
( 3 )  1.7 8.3 8.6 
( 4 )  2.2 7.8 8.8 
( 5 ) 2.8 7.2 9.0 
( 6 ) 3.3 6.7 9.2 
( 7 )  3.8 6.2 9 .4 
( 8 )  4.2 5.8 9.6 
Given that pK A for acetic acid is 4.8, that pK A for H2PO,­
is 7.2 and that pKA for boric acid is 9 .2, check by calculation 
some of the approximate pl;I values given in the above tables. 
A few solutions of unknown pH are supplied for testing. 
To find the pH of these solutions measure out with a measuring 
cylinder three 10 ml. samples of each of the solutions into 
clean test-tubes. Add 2 ml. of the three indicators to the 
three samples and match the colour given by the appropriate 
indicator with your coloured buffer samples. 
Try to find the pH of tap-water in the same way, and, 
knowing that "temporary" hardness is present, explain your 
result. Then try to find the pH of distilled water. Theory gives 
the value 7, but since distilled water is completely unbuffered, 
widely divergent results are to b e  expected. 
It is an advantage to use test-tubes of the same diameter 
and to put ti1e same volume of liquid in each. Viewing the 
colours against a background of white paper is also helpful. 
The same concentration of indicator is always used in com­
paring colours in order to obtain as nearly as possible the 
same depth of colour as well as the same colour-tint in the 
test-sample and in one of the buffers. The pH should be 
estimated to the nearest tenth of a unit. 
Note that the simple procedure just described is not 
applicable to coloured test-solutions, for which more elaborate 
apparatus is required. It is possible to prepare from appro­
priate reagents buffer solutions of any pH within a very wide 
range. The present exercise is illustrative only. 
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THE COLLOIDAL STATE 
It is explained in the text-books and in the lectures that 
the colloidal condition can be assumed by almost any substance, 
and that colloidal particles, although large as compared with 
ordinary molecules, are too small to settle readily or to be 
retained by filter-paper. 
;:'here is a possibility that the molecules of high polymers 
such as rubber, starch, certain proteins, etc . ,  are large enough 
to be classed as colloidal particles, and that the characteristic 
properties of solutions of these materials are to be attributed 
partly to colloidal nature. 
A few simple exercises with colloidal suspensions in water 
are described in the following notes. 
Experiment 14.-Preparation of Colloidal Suspensions. 
( a) Arsenious Sulphide Sol. Boil up enough arsenious 
oxide to rest on the point of a penknife with some rain-water 
in a beaker. After a few minutes filter the preparation and 
cool the filtrate. Put some more rain-water into a flask and 
pass hydrogen sulphide slowly from the reticulated supply 
through a clean glass tube into the water. Shake the flask 
with a rotary movement to dissolve the hydrogen sulphide in 
the water. Pour some of the solution thus prepared into the 
filtered solution of ai;senious oxide and notice that a clear 
yellow sol of arsenious sulphide is produced. 
( b )  Ferric Hydroxide Sol. Boil some rain-water in a beaker 
and add to the boiling water a few drops only of the concen­
trated ferric chloride solution supplied. Note the production 
of a brown sol of ferric hydroxide.  
(c)  Prussian Blue Sol. Boil some rain-water in a beaker 
and boil the liquid. Then filter a few ml. of bench ferric 
chloride and dilute the filtrate with rain-water. Add this 
filtrate slowly to the boiling ferrocyanide solution until a clear 
deep-blue sol of Prussian blue is obtained. 
(d) Starch Sol. Add a little starch to some boiling rain­
water. If the preparation becomes too viscous to filter dilute 
some of it with more rain-water and heat again until just 
boiling. 
( e ) Antimony Sulphide Sol. Mix a small quantity of the 
solution of potassium antimony! tartrate supplied with a 
solution of hydrogen sulphide, prepared as in (a) . Notice the 
formation of a clear orange sol of antimonious sulphide. 
Using ordinary filter-paper try the effect of filtering pre­
parations (a)  to ( e ) . Starch may be tested for in the filtrate 
from ( d )  by its colour reaction with iodine. 
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For comparison stir up a little clay with water to form a 
turbid liquid and try the effect of filtration. Note that the clay 
particles are retained by the filter paper. 
Experiment 15.-Filtration through Cellophane.-Collodion 
and cellophane retain particles which pass through filter paper. 
To illustrate this effect fold a circle of cellophane into a cone. 
Dip the apex of the cone into some rain-water in a beaker and 
pour in a little Prussian blue sol . Repeat the experiment, using 
the blue liquid obtained by adding ammonia to dilute copper 
sulphate solution. Leave the preparations for an hour or two 
and note that the Prussian blue is retained by the cellophane 
while the blue copper tetrammine compound diffuses through 
it. The blue compound is in true solution. 
Experiment 16.-Precipitation of Colloidal Particl'es. The 
formation and precipitation of colloidal particles are not easy 
to account for. It is, however, well established that the particles 
of colloids of the lyophobic class, such as preparations ( a ) , 
( b ) , ( c ) ,  and ( e )  carry electric charges, which may be positive 
or negative according to the nature and method of preparation 
of the sol. The charge is believed to be due to preferential 
adsorption of either positive or negative ions from traces of 
electrolytes present during the preparation. For instance, 
arsenious sulphide sols prepared as directed are negatively 
charged, due presumably to adsorption of HS- ions from the 
hydrogen sulphide. Ferric hydroxide sols are positive, possibly 
owing to adsorption of Fe+ + +  ions. It is usual to find that ions 
of charge opposite to that on the colloid are effective in 
coagulating it, particularly if the ions in question are 
polyvalent. 
Several solutions are provided for experiments in coagu­
lation. These are lM ammonium chloride, M calcium chloride, 
M M 
10 
--
aluminium chloride, and ammonium sulphate. The 
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rapidity of coagulation of a given sol depends ( other things 
being equal ) on the concentration of the coagulating agent. If 
the directions given in the following paragraphs are followed, 
fairly rapid but not instantaneous precipitation of the sol 
should occur, but some variation in the results can be expected. 
If necessary more of the coagulating solution may be added or, 
if coagulation is very rapid, the coagulating s olution may 
be diluted or added in smaller quantity when repeating the test. 
Notice carefully that the solutions containing polyvalent 
ions, whether positive or negative, are very dilute. 
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Carry out the following tests :-
( a) Measure out four portions of 5 ml. each of arsenious 
sulphide sol. Test separate portions with about 1 
·ml. of the 
four coagulating solutions. Mix, allow to stand, note what 
occurs and interpret the results. 
(b) Proceed similarly with the antimony sulphide sol. 
( c )  Proceed similarly with the ferric hydroxide sol. 
Starch is a lyophilic sol. The stability of this class of sol 
is much greater than that of sols of the lyophobic class and 
low concentrations of electrolytes do not cause precipitation 
of the sol. High concentrations are sometimes effective. 
Perform the following tests with starch sol :-
( a )  Add to about 5 ml. of the sol successive small quanti­
ties of the coagulating solutions of ammonium chloride, etc. 
Note the results. 
(b )  Prepare about 2 ml. of saturated solution of ammonium 
sulphate and add this to 1 or 2 ml. of' starch sol. Observe the 
result. 
Lyophobic sols, if oppositely charged, frequently precipi­
tate one another. 
Perform the following tests : 
( a )  Mix a few ml. of ferric hydroxide sol with about the 
same volume of each of the sols of arsenious sulphide, antimony 
sulphide, and Prussian blue. Allow the preparations to stand 
and note and interpret the results. 
(b ) Proceed similarly, mixing Prussian blue with arsenious. 
sulphide and antimony sulphide sols. 
The precipitation of lyophobic sols is often prevented by 
the presence of lyophilic sols. To illustrate this effect perform 
the following tests :-
( a )  Measure out four portions of 5 ml. each of arsenious 
sulphide sol. Add to each about 2 ml. of starch soh,1.tion. Then 
try the effect of adding the four coagulating solutions. About 
5 ml. may be used at first and the amount can be increased it 
desired. Observe the results. 
THE ESTIMATION OF GLUCOSE BY TITRATION 
AGAINST FEHLING'S SOLUTION 
Experiment 17.-This method depends on the reduction ot 
cupric copper in Fehling's solution to the cuprous state by 
glucose at the boiling-point ; and other sugars may be estimated 
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in a similar way. In every case it is necessary, if reproducible 
and reasonably accurate results are to be secured, to operate 
under controlled conditions ( described below) . The Fehling's 
solution supplied contains 34.64 grams of hydrated cupric sul­
phate, 173 grams of Rochelle s alt and 60 grams of sodium 
hydroxide per litre . It is ready for use ; and each ml. of it 
oxidises approximately 5 mg. of glucose. 
The solution requires standardisation against a solution of 
glucose of known concentration. For this purpose a solution 
containing 5 grams per litre of pure anhydrous glucose is 
supplied. Obtain a large test-tube ( boiling-tube ) ,  make sure that 
it is clean, and clamp it gently and vertically with the clamp 
near the open end, and with the lower end about two inches 
above the gas burner. With a graduated pipette measure 5 ml. 
of Fehling' s  solution into the boiling-tube. To avoid any risk 
of getting the alkaline and poisonous Fehling's solution into the 
mouth do not suck it up into the pipette, but put the Fehling's 
solution into an ordinary clean and dry six-inch test-tube and 
dip the pipette into it until sufficiently full . Then let the pipette 
drain externally before measuring out the 5 ml. of solution intci 
the boiling-tube. Add 10 ml. of rain-water, using your graduated 
cylinder. 
Rinse a burette with a few ml. of standard glucose solution, 
discard the rinsings and put some more standard glucose in the 
burette. There is no need to fill the burette since not much 
standard solution will be required. Set up the burette above 
the boiling-tube.  
Drop a small piece of porous porcelain into the boiling­
tube and then run in about 4.5 ml. of standard glucose. Now 
heat the liquid in the boiling-tube and as soon as it boils lower 
the flame but do not interrupt the boiling. After about one and 
one-half minutes ( check by the clock or by a watch ) add 
about five drops of methylene blue as indicator. Then go on 
adding glucose solution at about one drop every five seconds 
until all blue colour disappears . The methylene blue is not 
reduced and rendered colourless until all the Fehling's solution 
has been reduced. It therefore serves _as an indicator and 
renders the end-point more definite. The total boiling time 
should be about three minutes . Repeat the standardisation. 
The reaction of glucose and of other sugars with Fehling's 
solution is complex, but consistent results can be secured by 
operating u nder definite conditions and by carrying out all 
estimations as nearly as possible in the same way as the 
standardisation. As an exercise calculate the number of ml. of 
standard glucose required for 5 ml. of Fehling's solution 
assuming that the reaction is a simple oxidation of the aldehyde 
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group to carboxyl, and compare with your experimental result. 
Refer to page 44. 
A solution of glucose of unknown concentration is supplied. 
Rinse your burette with this, put some in the burette, and 
titrate 5 ml. of Fehling's solution diluted with 10 ml. of water 
as before, except that the Fehling' s  solution must first be 
brought to boiling after which the glucose is run in slowly 
until the end-point is reached. The methylene blue may be 
added at any stage prior to reduction of all the Fehling's 
solution. 
Using this rough titration as a guide, dilute ( if necessary) 
the unknown solution in a suitable ratio. This can be done with 
the 25 ml. pipette. If the unknown has to be diluted, put the 
diluted solution in the burette. In any case do two more 
titrations under conditions as nearly as possible similar to 
those of the standardisation. Calculate the composition of the 
original unknown solution. 
The reason for the use of a boiling-tube and for the con­
tinuous boiling is that air should not have free access to the 
boiling liquid. The procedure is largely empirical, but gives 
results good enough for many purposes. 
THE GASOMETRIC ESTIMATION OF UREA 
Experiment 18.-The method to be described is not precise; 
but is accurate enough in many cases. The fundamental 
reaction is 
CO(NH2)2 + 3NaBrO + 2NaOH � 3NaBr + Na2C03 + 3H20 + N2 
but in practice only about 96 per cent. of the nitrogen is liber­
ated because of certain side reactions that also occur. If the 
·conditions are always the same the error is constant and can 
be allowed for. 
The alkaline hypobromite is supplied ready for use. It 
must be fresh as it does not keep well. It is made from 200 
grams of sodium hydroxide and 150 grams of bromine per 
litre. The urea is supplied in dilute solution in water. 
Measure out roughly 30 ml. of the hypobromite solution 
into the stoppered flask or bottle provided and, using a gradu­
ated pipette, measure as accurately as possible 5 ml. of the urea 
solution into the small test-tube supplied with it. Hang the 
test-tube by cotton thread in the bottle in a slanting position 
so that the urea and hypobromite solutions do not mix. Wet 
the cotton thread and insert the rubber stopper firmly so as to 
- make a gas-tight joint. 
Set up a burette in the usual way, put some water in it and 
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allow water to run out until the meniscus comes down to the 
bottom or 50 ml. graduation. Then empty the burette (but not 
the stop-cock or  spout) into a previously weighed small flask, 
and weigh again. Assume that the weight of the water in grams 
is equal to the volume in ml. of the ungraduated portion ot 
the burette. Then fill the burette completely with water and 
clamp it upside down over water in an evaporating basin ready 
to collect the nitrogen evolved from the urea. Put the delivery 
tube from the bottle under the burette and then tilt the bottle 
gently so as to gradually mix the urea solution with the hypo­
bromite and collect the evolved gas in the burette. Make sure 
towards the end of the reaction that some hypobromite gets 
into the test-tube ; this may be done by tilting and gently 
shaking, but no liquid must get into the delivery tube. Try 
to avoid warming· the bottle with the hand. 
When the reaction is complete read the burette. Subtract 
the reading from 50 ml. and add the volume of the ungradu­
ated portion. Estimate the height of the water column in the 
burette by means of a ruler, reduce to cm. of mercury ( density 
13.6 ) and being given laboratory temperature, vapour pressure 
of water and barometric pressure reduce the volume of gas 
collected to standard conditions. Multiply this quantity by 1 .04 
to correct for the fact that one gram molecule of urea does 
ne>i; "'Volve exactly one gram-molecule of nitrogen. Taking the 
gram-molecular volume of nitrogen as 22400 ml. under standard 
conditions, find the weight of urea in one litre of the solution 
supplied. 
Repeat the experiment to test for consistency of results . 
PREPARATION OF HIPPURIC ACID 
Experiment 19.-Hippuric acid, C6H5CONHCH2COOH, is 
excreted by the body in small amounts in normal health. The 
amount varies with diet, and is increased if benzoic acid or its 
derivatives are ingested in food or otherwise .  It may be pre­
pared artificially from glycine ( aminoacetic acid ) and benzoyl 
chloride. · 
Solid glycine is expensive ; but a suitable solution is easily 
obtained by adding a strong solution in water of mono-. 
chloracetic acid to excess concentrated aqueous ammonia in 
the proportions of about 25 gm. of acid to 300 ml. of ammonia. 
The reaction requires about 24 hours for completion, and there­
fore this solution is supplied ready made up. About 35 ml. of 
the solution will be supplied to each pair of students. Write 
an equation for the reaction of mono-chloracetic acid with 
excess ammonia, and note what substance, other than glycine, 
is produced. 
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A solution of sodium hydroxide in water in the proportions 
of 35 grams of soda to 60 ml. of water is supplied. This strong 
solution is corrosive. Measure out 10 ml. of it with a measuring 
cylinder and pour it into 35 ml. of glycine solution given to 
you. Put the mixture in a beaker, add a scrap of porous tile, 
and boil gently, keeping the beaker under the draught flue 
until all ammonia is expelled, and until the volume of the 
liquid is much reduced. Then cool to room temperature and 
pour the liquid into a small flask, leaving the piece of tile in 
the beaker. Rinse the beaker once with 2 or 3 ml. of water 
and pour the rinsings into the flask also. There should now be 
about 15 to 18 mL of liquid in the flask. Check this by using 
your measuring cylinder and add water if necessary. 
Benzoyl chloride must now be added. This substance gives 
off a highly irritating lachrymatory vapour and must be 
obtained from a member of staff stationed at a draught flue. 
About 1.7 ml. (2 gm. ) will be supplied. The benzoyl chloride 
does not mix with the alkaline glycine solution, but reacts 
slowly. Shake the flask with a rotary movement until all 
benzoyl chloride disappears and until its strong odour ( smell 
very carefully) disappears. 
Write equations for the reactions which occur and compare 
the quantities used with those taking part in the reactions. 
Some sodium benzoate is formed as well as hippuric acid by 
this method of work. Write an equation for its formation. 
Measure out 7.5 ml. of concentrated hydrochloric acid into 
a beaker. Put the beaker on a scale on the lead bench and 
add about 10 gm. of ice. Pour your preparation from the 
flask into this mixture and, if it becomes warm, cool it. 
Hippuric and benzoic acids, both sparingly soluble, are precipi­
tated together. 
A small funnel with a porous glass diaphragm is provided 
together with a test-tube with side-arm. Hold the test-tube 
gently in a clamp, attach the side-arm with rubber tubing to the 
water-jet filter-pump and fit the funnel into the top of the 
test-tube. Turn on the water-tap gently so as to apply slight 
suction from the filter-pump. Then slowly pour the sludge of 
crystals of hippuric and benzoic acids into the funnel. Do not 
overfill the funnel or the test-tube ; but press down the crystals 
with a spatula or glass rod. Interrupt the filtration and empty 
the test-tube if necessary. Get as much of the crystals as 
possible into the filter funnel and dry them as well as you can 
by suction. Then disconnect the rubber tube at the side-arm 
of the test-tube. Do not pull roughly on it or the side-arm 
may break. 
80 
Pour about 3 ml. of cold water on the crystals in the 
funnel, connect the rubber tube to the side-arm and dry again 
by suction. Then disconnect the rubber tube. Now pour a 
few ml. of ether on to the crystals and stir up gently with a 
glass rod. Then connect the rubber tube again, suck dry and 
disconnect the rubber. Repeat this whole procedure with ether 
twice more. While the ether is being used light no gas burners 
and strike no matches ; and after working with ether some 
minutes must elapse to allow the vapour to be dissipated before 
a light is used. 
Suggest reasons for the details of the washing procedure 
outlined in the previous paragraph. 
The crude hippuric acid can be purified by crystallisation 
from hot water. The quantity of hot water required depends 
on the yield of hippuric acid-or on the amount that can be 
collected in the small suction filter-funnel. Place the hippuric 
acid in your smallest beaker and add water in portions of 10 ml. 
at a time. After each addition warm gently by holding the 
beaker in hot water in an evaporating basin. When enough 
water has been added to bring the hippuric acid into solution 
by stirring and gently heating in this way, add enough animal 
charcoal to rest on the point of a penknife, continue to warm 
and stir for five minutes ; then filter hot into a clean vessel and 
allow the hippuric acid to crystallise out as the filtered solution 
cools. 
